behavioral

Sciences

“The Fourth
E G ERT EL
Workshop of
Neuroimmunology*“

Edited by

Maria de los Angeles Robinson Agramonte,

Carlos Alberto Goncgalves and Dario Siniscalco

Printed Edition of the Special Issue Published in Behavioral Sciences

z
www.mdpi.com/journal/behavsci rM\D\Py


























































































































































































































































































Behav. Sci. 2018, 8,59

Figure 4. Comparison of superoxide dismutase (SOD), glutathione, vitamin C and uric acid
concentrations between patients with drug resistant partial complex seizure and controls. (A) SOD
serum concentration. (B) Gluthatione serum concentration. (C) Vitamin C serum concentration and
(D) Uric acid serum concentration. The bars represent the means + standard errors of the mean.
Unpaired t-Student test. *** p < 0.0001.

3.5. Correlation of Oxidative Stress Parameters with Clinical Data

Table 2 shows the correlation between the parameters of oxidative stress evaluated in this study
with clinical data such as the time evolution of seizures, the frequency of seizures per month and the
number of drugs taken by a patient. There was a positive correlation between MDA and NO with the
number of drugs. Patients with multidrug treatments had the highest levels of MDA and NO, while
the elevation of MDA was related to the early age of onset of seizures. Similarly, the frequency of crises
per month were negatively related to vitamin C and positively related to the expression of 3-NT.

Table 2. Correlation of MDA, NO, Vvtamin C and 3-NT with the time evolution of seizures, the
frequency of seizures per month and the number of drugs taken by a patient.

Oxidative Stress Parameters ~ Age at Onset of Seizure  Frequency of Seizures per Month Number of Drugs
MDA —0.5500 * 0.0484 0.5351 *
AOPP —0.1050 0.1048 —0.0291
AGEs —0.4741 —0.3939 0.3028

NO —0.3416 —0.3818 0.5843 *
Uric Acid —0.1853 —0.1996 0.0529

SOD 0.1503 —0.2642 —0.2594
Glutathione —0.1652 —0.2892 0.2182
Vitamin C —0.2136 —0.7110 * 0.1912

3—NT 0.3878 0.7565 * —0.0670
4—HNE —0.0852 0.3246 0.4022

Values represent the Spearman correlation coefficients. * p < 0.05; 3-NT: nitrotyrosine, 4-HNE: 4-hydroxy-2-nonenal,
AGEs: advanced glycation end products, AOPP: advanced oxidation protein products, MDA: malondialdehyde,
NO: nitric oxide, SOD: superoxide dismutase.

4. Discussion

The molecular mechanisms that lead to seizures and epilepsy are not well understood. Previous
studies have demonstrated that seizure-induced mitochondrial dysfunction and excess free radical
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production cause oxidative damage to cellular components and initiate the mitochondrial apoptotic
pathway [28,29]. OS is also considered an important consequence of excitotoxicity and inflammation,
two of the proposed mechanisms for seizure-induced brain damage [20,29-34].

Previous studies have found increased activities of SOD, CAT, markers of lipid peroxidation and
decreased activities of glutathione peroxidase (GPx) in pharmacoresistant temporal lobe epilepsy (TLE)
patients [35,36]. Sudha K, (2001) reported a decrease in glutathione reductase. The lipid peroxidation
and percentage hemolysis were higher compared to controls. Furthermore, erythrocyte glutathione
reductase and plasma ascorbate and vitamin A concentrations were lower [8]. Meanwhile, many
different studies have noted increased markers in lipid peroxidation [12,36]. On the other hand,
there have also been other studies that have not detected changes in SOD, CAT, GPx and glutathione
reductase activities [8,36-38].

Our group has been studying the impact of epilepsy surgery on serum markers of oxidative
damage in pharmacoresistant temporal lobe epilepsy (TLE) patients [12]. Before surgery, we found
increased activities of SOD, CAT, markers of lipid peroxidation and decreased GPx activity. An
interesting finding was the positive correlation between the duration of the disease and advanced
oxidation protein product levels. This result suggests the early presence of oxidative damage to
proteins in the initial stages of the illness. This could be due to protein repairing mechanisms that
do not act as efficiently as in other biomolecules. After surgery, the patients showed a tendency for
the studied variables to normalize, except for SOD activity. The outlying redox state of the patients
markedly improved after surgery, which was clearly evidenced by decreases in MDA and advanced
oxidative protein products levels two years after surgery. The recovery in GPx activity was also
notorious, as it contributed to a decrease in oxidative damage and a better redox balance [12]. On the
other hand, we can speculate that the sustained increase in superoxide dismutase activity could recede
if the epileptic activity in the remaining regions eventually disappears in these patients. Finally, the
increase in CAT activity levels seems to be a cellular response to the intense ROS production triggered
by seizure episodes.

On the other hand, there is information that supports the suggestion that inflammation and
oxidative stress are linked with a number of chronic diseases, including diabetes and diabetic
complications, hypertension, cardiovascular diseases, neurodegenerative diseases, and aging [39—-42].
Inflammatory cells liberate a number of reactive species at the site of inflammation, leading to
exaggerated oxidative stress [43,44]. Secondly, a number of reactive oxygen/ nitrogen species can
initiate intracellular signaling cascade that enhances proinflammatory gene expression [45]. There is a
group of previous findings from our working group that supports the participation of inflammatory
processes in drug-resistant epilepsy [46], which could be a source of the OS detected in these patients.
Thus, inflammation and oxidative stress are closely related pathophysiological events that are tightly
linked with one another.

4.1. Proteins, Lipid Damage and Advanced Glycation Products

Lipid peroxidation is one of the major sources of free radical-mediated injury that directly damages
membranes and generates a number of secondary products. In particular, markers of lipid peroxidation
have been found to be elevated in brain tissues and body fluids in several neurodegenerative diseases,
such as epilepsy. This complex process involves the interaction of oxygen-derived free radicals with
polyunsaturated fatty acids (PUFAs), resulting in a variety of highly reactive electrophilic aldehydes,
including MDA, 4-HNE, and acrolein. Therefore, the evaluation of MDA levels in biological materials
can be used as an important indicator of lipid peroxidation for various diseases. In the present study,
we found significantly higher levels of MDA in patients with epilepsy compared to controls; these
results are in agreement with previous studies in which it has been reported that a higher level of MDA
is associated with epilepsy [47,48]. On the other hand, these studies showed that the levels of MDA
were significantly increased in treated patients (with AED) compared to untreated patients, which
was also observed in patients with epilepsy. There was a significant correlation with the number of
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drugs administered (Table 2) which suggests that additional oxidative stress was induced by AEDs,
causing the recurrence of seizures and intolerance to drugs. Peroxidation of membrane lipids can
have numerous effects, such as increased membrane rigidity, decreased activity of membrane-bound
enzymes (e.g., sodium pump), altered activity of membrane receptors, and altered permeability [49].
In addition to effects on phospholipids, radicals can also directly attack membrane proteins and
induce lipid-lipid, lipid—protein, and protein—-protein cross-linking, all of which obviously have effects
on membrane function [50]. Of these products, MDA, 4-HNE, and acrolein can cause irreversible
modification of phospholipids, proteins, and DNA, resulting in impaired function and consequently,
cell death, a fact observed in complex partial epilepsy, which has been demonstrated in previous works
involving pharmacoresistant epilepsy patients [19,46]. On the other hand, the formation of AGEs, a
group of modified proteins and/or lipids with damaging potential, is one contributing factor. However,
it has been reported that AGEs increase reactive oxygen species formation and impair antioxidant
systems, while the formation of some AGEs is induced under oxidative conditions. However, in the
patients with epilepsy, the values were lower than those in controls; thus, AGEs contribute less to
chronic stress conditions in epilepsy.

Lipid peroxidation alters membrane structure, affecting its fluidity and permeability and the
activity of membrane-bound proteins and produces many cytotoxic and reactive by-products. Among
these, 4-HNE is able to form adducts with biomolecules, including proteins, lipids and nucleic acids,
thereby propagating oxidative damage [51]. HNE-mediated damage to proteins is a known oxidative
posttranslational modification that leads to functional changes or deactivation of enzymes, transporters,
ion channels and receptors [52].

In this study, the levels of damage to biomolecules increased and coincidentally, the expression
of 4-HNE is high in the patients in relation to the control group. Furthermore, an increase in 4-HNE
occurs in various pathological conditions, including neurological diseases, where it contributes to cell
death and neurodegeneration [52,53]].

4-HNE is considered to be a “second toxic messenger” that can propagate and amplify initial
oxidative injury. 4-HNE can form covalent bonds with three different amino acyl side chains, i.e.,
lysyl, histidyl, and cysteinyl residues. In addition, 4-HNE can modify protein structure through
Schiff base formation with lysyl residues, leading to the formation of pyrrole, and/or form intra-
and/or intermolecular cross-links. Due to its amphiphilic nature, hydroxyaldehyde can diffuse across
membranes and covalently modify proteins in the cytoplasm and nucleus, far from their site of
origin [52].

Our results support an increase in the expression of 4-NHE in patients with DRPCS, which
coincides with that reported by other authors, such as Pecorelli et al., that describe high levels of
4-HNE-protein adduct brain tissues and body fluids in several neurological and neurodegenerative
diseases and in drug-resistant epileptic patients [10,54,55]. This confirms the evidence of lipid
peroxidation and indicates the presence of oxidative damage to proteins in human epileptic brain.
Other studies have evaluated 4-HNE levels in epileptic diseases and reported high levels of brain
4-HNE during seizures in the kindling model [56]. In addition, it is well known that HNE can be an
apoptotic inducer [57]. High levels of 4-HNE may eventually promote cell death; there is evidence that
4-HNE plays a pivotal role in neuronal death, as has already been demonstrated in several neurological
diseases [53,58,59].

NO is a free radical that is formed biologically through the oxidation of L-arginine by nitric oxide
synthase. The exact role of NO in the pathophysiology of epilepsy is still unclear. Several studies have
shown that NO may act as an endogenous anticonvulsant [60-62], although some studies have shown
that NO acts as a proconvulsant [63,64]. Our results showed a significant decrease in NO in patients
compared with the control group and a relationship with the number of AEDs that patients receive.

On the other hand, 3-NT is an indicator for protein nitration, a posttranslational modification
specific to the tyrosine amino acid which can yield protein dysfunction or turnover. A primary source
and major contributor to tyrosine nitration in physiological and pathological events in vivo is through
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ONOO- production, a reaction by-product of NO and O2e— [65]. We described an increase in the
expression of 3-NT. Similarly, other authors have found an increase in 3-NT, but in an experimental
model study using pilocarpine [66]. They specifically described the fact that 3-NT accumulates in
hippocampal CA3, CA1 and hilar neurons following kainate-induced status epilepticus [66].

4.2. Antioxidants

SOD plays a crucial role in the elimination of superoxide anion radicals (O2e —) generated from
extracellular stimulants, which include ionizing radiation and oxidative insults, along with those
produced in the mitochondrial matrix. In the present study, we found a significant increase in SOD
activity in patients with epilepsy compared to controls. However, this was not so for glutathione,
uric acid and vitamin C, that were reduced as compared with control group; these results are in
agreement with previous studies, where a significantly lower activity has been found in patients with
epilepsy [47].

Previous studies on SOD activity have mainly been performed in children with epilepsy on
different AEDs, but they reported no significant differences in SOD activity between children with
epilepsy and controls [37,67,68]. Recently, different results have shown that, after a seizure, it is
possible to observe an increase of SOD activity and there is a significant decrease in SOD activity only
in patients receiving lamotrigine, while valproic acid and carbamazepine were associated with weaker
effects. Furthermore, after 6 months of treatment with AEDs, the activity of this antioxidant enzyme
remained significantly higher in patients than in individuals in the control group [37].

The incremental SOD activity in the epileptic group subjects suggests efficient conversion of
superoxide radicals to less toxic HyO,, and a reduction in the accumulation of superoxide radicals,
and a compensatory mechanism reduced GPx activity or decreased the antioxidant activities of GPx
and vitamin C and increased the activity of MDA, suggesting a reduced antioxidant defense capacity
in epilepsy patients, and not one ameliorated by antiepileptic treatment.

4.3. Correlation of Oxidative Stress Parameters with Clinical Data

The results of the correlation analysis of the clinical parameters with the oxidative stress markers
showed a negative relationship of MDA with the age of onset of the crises and a positive relationship
with the number of drugs taken (Table 2) as the level of MDA significantly increased. The correlation
with a larger number of drugs suggests that the drugs induce additional oxidative stress, while
it is known that long-term use of AEDs leads to the impairment of the endogenous antioxidant
system. AEDs, namely valproic acid, phenytoin, CBZ, and levetiracetam, are shown to increase lipid
peroxidation and decrease the activity of the antioxidant system [69]. Similarly, a positive correlation
was found with NO levels and the number of drugs. NO plays a significant role in epilepsy and
epileptogenesis, since it acts as a secondary messenger, neuromodulator and neurotransmitter [70].
It has been reported that significantly elevated levels of NO are associated with the severity of
epilepsy [68]. However, in the present work, the serum levels were correlated with the number of
drugs used, although the NO levels were lower in epilepsy patients than in the controls (Figure 3).

The marker of oxidative stress that was most strongly associated with the severity of the epilepsy
was 3-NT, which is considered as a marker of NO-dependent oxidative stress, indicating that oxidative
stress is induced by seizures and AEDs, which results in seizure recurrence and drug intractability.
The antioxidant system that was most negatively correlated with the severity of epilepsy was vitamin
C which was associated with a greater number of seizures. Very low levels of serum vitamin C
were detected; low antioxidant biomolecule levels suggest a reduced antioxidant defense capacity in
epilepsy patients.

An interesting result from this study is the relationship between some oxidants and multidrug
therapy. There are different studies that have related the presence of OS with anticonvulsant
treatment [68]. Some of these studies were conducted on patients who were already on treatment
and thus, could not conclude that the oxidative stress was a result of epilepsy or AEDs. Menon [71]
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compared treated and untreated patients and found that the role of AEDs in increasing oxidative stress
is negligible [71]. Nevertheless, our results support that the high values of damage to lipids evaluated
by MDA are closely related to the use of two or more AEDs as therapy in these patients. However,
our study had a relatively small number of subjects. Studies with larger sample sizes are needed to
confirm these results.

5. Conclusions

In summary, our results indicate altered antioxidative defenses and damage to biomolecules in
patients with DRPCS. The number of AEDs influences some oxidative markers, as do the age of onset
of the crisis and the frequency of seizures. The mechanism of epileptogenesis is still unclear. In spite of
the advent of newer AEDs, a significant proportion of patients are refractory to treatment. Whether
free radicals released after seizure episodes lead to further seizures or refractory epilepsy needs to be
addressed. Considering this knowledge, in the future, it would be interesting to correlate the oxidative
markers with levels of proinflammatory mediators in order to elucidate the relationship between
oxidative imbalance described for these patients and these mechanisms. This study adds information
to the existing literature; however, further detailed research is needed to understand the mechanism of
drugs resistant epilepsy, to promote newer modalities of disease modification.
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Abstract: Increasing amounts of evidence support the role of inflammation in epilepsy. This study
was done to evaluate serum follow-up of IL-13 and IL-6 levels, as well as their concentration in the
neocortex, and the relationship of central inflammation with NF-«B and annexin V in drug-resistant
temporal lobe epileptic (DRTLE) patients submitted to surgical treatment. Peripheral and central
levels of IL-13 and IL-6were measured by ELISA in 10 DRTLE patients. The sera from patients were
taken before surgery, and 12 and 24 months after surgical treatment. The neocortical expression
of NF-kB was evaluated by western blotting and annexin V co-localization with synaptophysin by
immunohistochemistry. The neocortical tissues from five patients who died by non-neurological
causes were used as control. Decreased serum levels of IL-1 and IL-6 were observed after surgery;
at this time, 70% of patients were seizure-free. No values of IL-1 and IL-6 were detected in
neocortical control tissue, whereas cytokine levels were evidenced in DRTLE. Increased NF-xB
neocortex expression was found and the positive annexin V neurons were more obvious in the
DRTLE tissue, correlating with IL-6 levels. The follow-up study confirmed that the inflammatory
alterations disappeared one year after surgery, when the majority of patients were seizure-free, and
the apoptotic death process correlated with inflammation.

Keywords: drug-resistant temporal lobe epilepsy; inflammation; apoptosis; IL-1f3; IL-6; NF-«B

1. Introduction

Epilepsy is a chronic brain disease that affects around 50 million people worldwide. In a high
number of cases it is characterized by the presence of recurrent seizures, which are the result of an
excessive electrical discharge of a neuronal group in a certain part of the brain [1]. The battery of
treatments designed to counteract the clinical manifestations of this disease is diverse and ranges
from a wide spectrum of antiepileptic drugs, specific diets, and sports-based therapies, to surgical
techniques for resection of the epileptogenic focus [2]. Despite many efforts to find a successful
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pharmacological treatment for this condition, 30% of the population of patients with epilepsy cannot
control the onset of seizures [3]. This clinical condition is known as drug-resistant epilepsy (DRE) or
intractable epilepsy [4]. The literature has reported that temporal lobe epilepsy (TLE) shows one ofthe
highest incidences of DRE [5]. Surgical treatment is currently an option for patients with drug-resistant
temporal lobe epilepsy (DRTLE) and is the only treatment that clearly shows a positive action in
decreasing the frequency of seizures and the progression of the disease in these patients [6].

Several authors suggest the contribution of immunological and inflammatory mechanisms
in the pathogenesis of epilepsy based on the favorable effects of treatment with intravenous
immunoglobulins, corticosteroids, and anti-inflammatories [7-10]. The immunological alterations
described in epilepsy are associated, in most cases, with anti-epileptic drug treatment [11,12]; in others,
they have not been related to pharmacotherapy [13,14]. Additionally, our group has described
that immunological disorders in patients with epilepsy are associated with certain locations of the
epileptogenic zone. Temporal lobe localization of the epileptogenic zone has been shown to be
related to alterations in cellular immunity, and this dysfunction is not associated with pharmacological
antiepileptic treatment [15,16]. However, currently, it has not been clarified whether inflammatory and
immunological disorders are cause or consequence of the seizures in DRTLE.

Inflammation is considered an important factor in the pathophysiology of seizures. All the
risk factors for epilepsy such as traumas, tumors, and infections are accompanied by different
degrees of inflammation in the central nervous system, which is associated with the occurrence
of seizures [17-19]. However, little is known about the contribution of peripheral inflammation on the
modulation of these events as well as on the relationship of the neuronal loss described in epilepsy
with inflammatory processes.

Proinflammatory cytokines are highly studied markers in both patients and experimental models
of drug-resistant epilepsy. IL-1 and IL-6 are two of the most commonly approached proinflammatory
cytokines in studies conducted to evaluate inflammation in drug-resistant epilepsy [20-26]. However,
as far as we know, follow-up studies of the concentrations of inflammatory markers have not been
described for a period of up to 2 years after removal of the epileptogenic focus by surgical techniques
(standard lobectomies guided by electrocorticography).

The main objective of this work is to evaluate the proinflammatory proteins after the elimination
of the epileptogenic focus and its relation with the neuronal loss described in patients with DRTLE.

2. Materials and Methods

2.1. Patient Information

Ten patients from the International Center for Neurological Restoration (CIREN) with DRTLE
(6 female and 4 male, with mean age 33.1 & 6.35 years) who underwent epilepsy surgery were included
for the study of serum concentration of inflammatory cytokines (IL-1 and IL-6). The criteria to be
considered drug-resistant were the following: present seizures for more than two years, two complex
partial monthly seizures, use of two first-line anti-epileptic drugs, two cycles of monotherapy and at
least one of polytherapy.

All patients were evaluated in the Video-EEG Telemetry Unit from CIREN, and they underwent
a complete general and neurological physical examination and anatomical evaluation by Magnetic
Resonance Imaging (1.5 T MAGNETOM SINPHONY) and SPECT.

Temporal localization presents unilateral rhythmic unloading with maximum amplitude in the
zygomatic electrodes and in the anterior or middle temporal ones as the first electrographic change.

Antiepileptic treatment: The most commonly used drug was Carbamazepine (3-6 tablets daily)
followed by Clobazan (3—4 tablets daily), Magnesium Valproate (1-6 tablets daily), and Lamotrigine
(2-3 tablets daily). Up to two years after the surgery, all patients received the same drug treatment.
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The neocortex adjacent to the hippocampus of the patients was resected at the time of surgery
and the resection of the epileptic zone was performed by means of standard temporal lobectomies
adjusted by electrocorticography.

The neocortical tissues from patients in this study were evaluated to determine the concentrations
of IL-1f and IL-6, co-localization of annexinV and synaptophysine, and the expression of NF-«B.
The neocortex control tissues were obtained from subjects who died due to non-neurological causes
(Department of Pathological Anatomy from Clinical Hospital, Havana, Cuba). The control tissues
were matched in age and gender with the group of DRTLE patients (average age: 35.2 years, 3 male
and 2 female). They did not show macro- or microscopic pathological abnormalities, and the mean
time of obtaining tissue was 3.2 h after the subject died.

2.2. Samples

The collected clinical parameters included demographic characteristics and clinical state showed
in Table 1. The parameters were age; gender; personal pathological history; side of focus; disease
duration; and the clinical state of patients, according to Engel’s scale, one and two years after
surgery. Post-surgical seizure outcome assessment was based on the system proposed by Engel.
(Engel class I, free of disabling seizures; class IA, seizure-free; class II, rare seizures (fewer than three
seizures per year); class III, worthwhile improvement (reduction in seizures of 80% or more); class IV,
no benefit [27].)

Table 1. Summary of clinical data from control subjects and postmortem interval.

Control Cause of Death Postmortem Interval (h)
1 Pulmonary 25
thromboembolism ’
2 Vehicle accident 3
3 Vehicle accident 4
4 Vehicle accident 3
5 Vehicle accident 35

Blood: Venous Blood samples (5 mL) of the patients were taken by antecubital puncture, after
asepsis of the region. The blood was centrifuged and the serum was kept at —20 °C until use.
The samples of serum were obtained before and after surgical treatment (1 and 2 years of surgical
evolution time).

Neocortical tissue: The neocortical tissue from patients with DRTLE was obtained during surgery.
The tissue was washed with 0.9% saline solution at 4 °C, a fragment of approximately 0.5 cm? was cut,
placed in liquid nitrogen, and later transferred to a —80 °C freezer where it was preserved until use.

The neocortical control tissue was obtained from necropsy and was subsequently fractionated
by areas. A fragment of approximately 0.5 cm® was taken from the neocortex; this fragment was
processed in a similar way to patient’s tissues.

Control samples were obtained from five subjects who died by vehicle accident (n = 4)
and pulmonary thromboembolism (1 = 1), and without history of neurological disease (Table 1).
The neocortical tissue was dissected at the time of autopsy with a postmortem interval (PMI) from
2.5 to 4 h after death, and the samples were immediately stored at —70 °C. Previous works that used
autopsy tissues with a PMI longer than the samples of the present work have shown the preservation
of the protein and mRNA [28-30].

Homogenization of brain tissue: Tissue samples were homogenized in a glass-Teflon
(Potter-Elvehjem), containing lysis buffer as described by the manufacturer (ENZO Life Sciences,
Llorach, Germany)for the cytokine ELISA and 1mL of Trizol reagent (Invitrogen, Carlsbad, CA, USA)
for the western blot. Protein was isolated following the manufacturer’s instructions.

94



Behav. Sci. 2018, 8,21

2.3. Immunoenzymatic Assay for IL-1B and IL-6 in Serum and Brain Tissue

The concentrations of IL-1f and IL-6 (ENZO Life Sciences, Llorach, Germany) were measured
by ELISA according to manufacturer’s instructions. The concentrations of IL-1p and IL-6 from the
homogenate of the neocortical tissue of patients with DRTLE and control subjects was measured by the
same methods. The lower limit of detection was 6pg/mL for IL-6 and 1 pg/mL for IL-. Briefly, serum
or homogenate from neocortical tissue was incubated in coated 96-well plates at room temperature
for 2 h. The serum and tissue samples were applied in duplicate as well as the dilutions from the
standard curves (IL-1 and IL-6). Plates were washed and then incubated with the detection antibody.
After rewashing the plates, the conjugate was added for 30 min, followed by the substrate solution.
The reaction was stopped with 1N H,SO,4 and optical densities were measured at 450 nm using
a microplate reader (ELx800 BioTek Instruments, Inc., Winooski, VT, USA).

2.4. Extraction of Neocortical Tissue Proteins and Western Blot to Evaluate NF-xB

The expression levels of NF-«kB in the homogenates were analyzed by gel electrophoresis
and western blot. The concentration of total proteins was determined by Lowry’s method [31].
The absorbance values at 630 nm were obtained by spectrophotometry (BioTek Instruments,
Winooski, VT, USA). Subsequently, the samples were separated by electrophoretic methods
in SDS polyacrylamide gel. The proteins were transferred by electrophoresis to vinylidene
membranes (Sigma-Aldrich, St. Louis, MO, USA). The membranes were blocked with 2% milk
in phosphate buffer solution/Triton X-100 to avoid nonspecific binding. After blocking, the
membranes were incubated individually with anti-NF-«B antibody and rabbit polyclonal anti-GAPDH
(Glyceraldehyde-3-Phosphate Dehydrogenase, Santa Cruz Biotechnology, Santa Cruz, CA, USA)
overnight with mild shaking at 4 °C (BrinkmannOrbMix 110, Brinkmann, Germany). The membranes
were incubated for 2 h at room temperature in phosphate buffer containing goat anti-mouse IgG/rabbit
conjugated with horseradish peroxidase diluted 1:1000 (Cell Signaling, Oregon City, OR, USA) for
1 h. The immunoreactive bands were detected by improved chemiluminescence. The densities of the
protein signals in the films were quantified using Image]J software.

To determine the integrity of the extracted proteins, 1D SDS-PAGE electrophoresis (12%) was
used, followed by staining with Coomassie blue and western blot to identify the constitutive protein,
indicating that there is no protein degradation.

2.5. Immunohistochemistry to Annexin V and Synaptophysin

The fragment of neocortical tissue obtained during surgery was washed with 0.9% saline at
4 °C and fixed in phosphate solution containing 4% paraformaldehyde and 0.2% glutaraldehyde.
Subsequently, they were submerged in increasing solutions of sucrose (15, 20, 25, and 30%) and
frozen at —70 °C. The neocortex tissue was cut into sections of 10 um (Cryostat Leitz, 1720, Wetzlar,
Germany). The pieces of tissue were blocked and incubated with the apoptotic marker annexin V
and neuronal marker synaptophysin (Santa Cruz Biotechnology, Santa Cruz, CA, USA) according to
the instructions of the manufacturer. An antibody conjugated with FITC (Zymed Laboratories Inc.,
San Francisco, CA, USA) was used for the immunodetection of antibodies against annexin V, while the
immunodetection of synaptophysin was carried out by means of an antibody conjugated with Alexa
Fluor 647 (Lab. Mol. Probes, Oregon City, OR, USA). The co-localization of the apoptotic and neuronal
markers was evaluated in each patient’s tissue. The nuclei were visualized by counterstaining with
propidium iodide. All sections were examined in a confocal microscope (Bio-Rad, Cambridge, UK)
and each plate was examined by two specialists (SO and LL).

Quantitative Analysis: Only the sections that had consistent immunostaining were counted and
5 to 10 sections of each patient or control were quantified. The percentage of immunopositive cells to
each marker (number of immunoreactive cells per mm?3) was calculated in relation to the number of
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cells stained with propidium iodide per mm?3, and the result was expressed as the percentage of cells
positive for each marker. All sheets were examined by two specialists (SO and LL).

2.6. Ethical Considerations

All procedures followed the rules of the Declaration of Helsinki of 1975 for human research, and
the study was approved by Record 03/2015, given by the Ethics Committee of the International Center
for Neurological Restoration, named according to RESOLUTION No. 29-P /2011, on 24 October 2011.
Each patient or family gave their informed consent.

2.7. Statistical Processing

Statistical analysis was carried out using the GraphPad Prism 5 software (GraphPad Software,
Inc., La Jolla, CA, USA). The values are expressed as mean + SEM. Normal distribution and
homogeneity of variance of the data were tested by the Kolmogorov-Smirnov and Levene tests,
respectively. The comparisons between two groups were made by means of the ¢-Student test while
comparisons between more than two groups were made by one-way ANOVA, with post hoc Dunnet
test. The Pearson correlation was used for the correlation study. In all cases, statistically significant
differences were considered when p < 0.05.

3. Results

3.1. Effect of Surgical Treatment in DRTLE Patients on the Peripheral (Serum) and Central (Neocortical Tissue)
Concentrationsof IL-1Band IL-6.

In order to evaluate the effect on serum concentrations of IL-1f3 and IL-6 in DRTLE patients who
received surgical treatment, we measured the concentrations of these cytokines before, and one and
two years after the resection of the epileptogenic zone. In this study, there are no gender differences
inboth levels of interleukins (IL-1 and IL-6), so the concentrations in male and female sexes were
unified in one group. The results showed a statistically significant decrease of both (IL-13 and IL-6)
cytokines (Figure 1A,B)one and two years after surgery evolution. In the first post-surgical evaluation,
70% of patients were in category IA according to the Engel scale (seizure-free), and those remaining
had a significant decrease in seizure frequency (Table 2). One year after surgery treatment, lower
values of IL-1f3 and IL-6 were observed in seizure-free patients, while patients who remained with
seizures showed higher values of both cytokines (Figure 2A,B).

B
A
151
100+ a 3 Pre-surgery
[ Pre-surgery 3 Post-surgery 1 year
804 [ Post-surgery 1 year = a 3 Post-surgery 2 years
TEl [ Post-surgery 2 years [ 10+
< 604 E;
2 £
@ 401 b b € 5 b
3 1 T = I b
201 I_—l—_|
0

T T T

o

Figure 1. Comparison of IL-1 and IL-6 concentrations before and after surgical treatment. (A) IL-13
serum concentration. (B) IL-6 serum concentration. The bars represent the mean =+ the standard error
of the mean. One way ANOVA, post hoc Dunnet test, p < 0.05.
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Table 2. Clinical data from patients with drug-resistant temporal lobe epilepsy submitted to

temporal lobectomy.

. Personal . . Pre-Surgery Engel Scale
Patient Age . Side of Disease .
Number (Year) Gender Pagl.ologlcal Focus (R, L) Duration Number of Seizures One Year Two Years
istory per Month P
ost-Surgery Post-Surgery
1 23 F Bronchial asthma L 16 11 1A IIA
2 41 F No history L 15 15 JLIVN TITA
3 35 F Febrile seizures R 35 12 1A 1A
4 26 F Cra“‘t‘;;‘:f;fhahc R 11 13 A 1A
5 35 M Meningoencephalitis R 34 12 1A 1A
6 31 M Febrile seizures R 30 10 1A 1A
7 41 M Bronchial asthma L 36 21 1A IA
8 26 F Febrile seizures L 26 15 A IIA
9 36 M C’a“‘t‘zsﬂf:ghahc R 32 12 A A
10 37 F Bronchial asthma R 21 11 1A 1A
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Figure 2. Concentration in serum of Interleukins according to the presence or absence of seizures one
year after surgery. (A) IL-1p3. (B) IL-6. The bars represent the mean = the standard error of the mean.
Mann Whitney test, * p < 0.048.

Neocortical tissue from DRTLE patients showed values of IL-1f3 between 9.69 and 78.32 pg/mL
with a mean value of 21.58 pg/mL (Figure 3A), and IL-6 between 17.53 and 278.3 pg/mL with a mean
value of 78.87 pg/mL (Figure 3B). The concentrations of both cytokines in the control group presented
values below the limit of detection for the method used (Figure 3A,B).
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Figure 3. Concentrations of IL-1f and IL-6 in neocortical tissue from patients with drug-resistant
temporal lobe epilepsy and control tissue. (A) Concentrations of IL-13. (B) Concentrations of IL-6.

The bars represent the mean = the standard error of the mean.
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3.2. Neocortical Tissue Expression of NF-xB

The presence of the molecule involved in the inflammatory cascade and linked to death processes
in neocortical tissue, NF-«B, was evaluated, and the results are shown in Figure 4. Figure 4A shows
a statistically significant increase in the expression of NF-«B in the group of patients with DRTLE
compared with in the control subjects, while Figure 4B represents an example of the western blot bands
in a patient with DRTLE and a control subject, as well as those for GAPDH.
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Figure 4. Expression of NF-kB in neocortical tissue of patients with drug-resistant temporal lobe
epilepsy. (A) Comparison of relative optical density values of NF-«B in patients and control subjects.
(B) Representative example of the immunodetection of NF-«B in a patient and a control, as well as for
GAPDH. The bars represent the mean + the standard error of the mean, t-Student test, ** p < 0.001

3.3. Relationship between Central Inflammation and Apoptotic Neuronal Death

Figure 5 shows an increase in co-localization of annexin V and synaptophysin positive cells in
DRTLE patients in comparison with in control tissue. It is important to note that there is a lower
number of positive synaptophysin cells in patients in relation to in the control subjects.

Control

Synaptophysin ~ Annexin V Propidium iodide Merge

Patient

Figure 5. Confocal image of the neocortex of a control subject and a patient illustrating the
immunodetection of annexin V + cells (green) doubly marked with synaptophysin (blue) and
counterstained with propidium iodide (red). Note that the patient’s annexin V + cells coincide with
synaptophysin + (40x).
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There is a positive correlation between the percentage of immunopositive cells to annexin V and
the concentration of IL-6 in neocortical tissue (Figure 6).
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Figure 6. Correlation between the number of annexin V positive cells and IL-6 concentration. Spearman,
r=0.8519, p < 0.001.

4. Discussion

4.1. Inflammatory Cytokines (IL-1p and IL-6)

The concept of “immunological privilege” of the CNS has been eliminated because of, among
other reasons, the accumulation of evidence that immune responses and inflammatory reactions
are involved in the pathogenesis of several brain diseases like epilepsy [32]. There is evidence of
cerebral inflammation associated with drug-resistant epilepsy of various aetiologies in patients who
underwent surgery and whose brain tissues had proinflammatory molecules, reactive astrocytosis,
activated microglia, and other indicators of inflammation in the hippocampus [33]. There are several
experimental studies that show that the activity of epileptic seizures by themselves can induce cerebral
inflammation and that the recurrence of these seizures prolongs chronic inflammation. Similarly,
the action of inflammatory mediators on the generation of seizures has been proposed [34,35].

The study of different models of epilepsy developed to evaluate the inflammatory response has
shown that, in rodents, with convulsive activity occurs the following molecular cascade: a rapid
increase in the proinflammatory cytokines (IL-1f, IL-6, and TNF-«), the activation of the signaling
pathway of Toll-like receptors (TLRs), the production of chemokines, activation of the complement
system, and increased expression of adhesion molecules [23,25,36-39].

On the other hand, the literature supports that the immunological and inflammatory alterations
described in epilepsy may be associated with anti-epileptic drugs. Changes in inflammatory markers
related to carbamazepine, valproate, and other drugs are described [40,41].

Serum levels of IL-1f3 and IL-6 before and after surgery were evaluated in order to detect if there
were changes in the peripheral proinflammatory cytokines from DRTLE patients and if these changes
were modified once the epileptogenic zone was resected. This follow-up study was related to the
clinical evolution of these patients in terms of the presence or absence of seizures one and two years
after surgery. The decrease in the concentration of IL-1(3 and IL-6 one year after surgery and the fact
that in this period most of the patients are free of seizures supports the idea that seizures are the
cause of the inflammatory disorders observed in patients with DRTLE. Interestingly, 70% of patients
remained seizure-free one year after surgery and the remainder (25%) showed a substantial reduction
in seizure frequency.

According to our results, the low levels of IL-6 in patients who were free of seizures one year
after surgery in comparison with those in the patients who still experienced them allow us to confirm
that this inflammatory marker is closely linked with the occurrence of seizures. Our results indicate
that once the epileptogenic zone is resected and seizure activity is reduced, there is a decrease in
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proinflammatory cytokines. These findings may suggest that seizures are the cause of inflammatory
disorders observed in patients with DRTLE.

Other authors report an increase of IL-6 concentrations in patients with epilepsy compared with
those in control subjects. They describe this increase associated with the temporal location of the
epileptogenic zone [42]. Coincidentally, previous studies by our group showed that alterations in
cellular immunity are associated with the location of the epileptogenic zone. The immune alteration
was observed in temporal but not in extratemporal localization [43].

An important aspect to assess is the integration of inflammatory events that occur both
peripherally and centrally. The existence of several mechanisms by which peripheral inflammation
interacts with the brain and induces inflammation at the central level has been discussed.
The immediate recognition of inflammatory mediators such as cytokines can occur in circumventricular
organs due to the expression of TLRs and IL-R in these structures [44]. The cytokine signal is another
mechanism that mediates the response in the brain to peripheral inflammation. Cytokines use both the
neural pathway (vagus afferents) and the humoral pathway to communicate the innate immune system
to the brain. These mediators can also be transported through the blood-brain barrier (BBB) [45-47],
and these cytokine signals trigger a central inflammatory response with activation of the microglia,
which that induce and propagate these inflammatory signals in the CNS [48].

The evaluation of IL-13 and IL-6 levels in brain tissue (neocortex) of patients with DRTLE showed
values that indicate the presence of an inflammatory process at the central level reinforced by the
absence of these markers in the control tissue. Tissue obtained at autopsy from subjects with no
evidence of neurological disease was used as controls since previous reports indicate that proteins
from brain tissue are preserved for several hours after death [28-30,49]. Previously, other authors
supported the nondetection of concentrations of proinflammatory cytokines in the brain tissue of
control subjects [50]. Coincidentally, in resected tissue of patients with TLE, other investigators have
suggested that the inflammatory pathways are activated during epileptogenesis and that they persist
in epileptic tissue, which contributes to the etiopathogenesis of TLE [34,51].It is also known that
inflammatory activity is affected in different ways depending on the severity of the seizures [52,53].

In particular, the analysis of the mRNA of IL-13 and IL-1Ra after the systemic injection of kainic
acid in rats shows a significant induction in the microglial cells of the hippocampus, as well as in
other areas of the limbic system [54]. Vezzani et al. provided evidence of the rapid increase in IL-1
levels in the hippocampus after seizures in the model with kainic acid; they assume that it occurs as
a result of the activation of microglial cells [55]. The increase of IL-1§3, IL-6, and TNF-c in the microglia
and astrocytes is followed by a cascade of inflammatory events that can recruit cells of the adaptive
immune system [33].

Indistinctly in blood or cerebrospinal fluid, an increase in IL-1f and its receptor in astrocytes,
microglia, and neurons was documented in a series of patients surgically treated for TLE with
hippocampal sclerosis. IL-1f and its receptor are highly expressed in the neurons and glia of patients
with TLE caused by focal cortical dysplasia and neuroglial tumors, where expression in brain tissue
without these alterations is negligible [34].

In summary, we can affirm that there are high IL-1fand IL-6 concentrations at both the systemic
and the central levels that sustain the presence of an inflammatory response in DRTLE. The decrease
of both cytokines after surgery in patients with a drastic reduction in seizures supports the idea that
these events are an important cause of inflammation.

4.2. Expression of Molecules Associated withInflammation (NF-xB) and Apoptotic Death in Brain Tissue from
DRTLE Patients

Previous studies report neuronal death in the neocortical tissue of patients with DRTLE [56,57],
making it necessary to evaluate the expression of a molecule that participates in the death mechanism
by apoptosis and which is linked to inflammatory processes: NF-«B.
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Increased expression of NF-«kB in the neocortical tissue of patients with DRTLE was observed.
This fact confirms the activation of the inflammatory response at the central level and helps to explain
the presence of apoptotic neuronal death observed in this study.

NF-«B is a key mediator of the innate and inflammatory immune response; it is activated by
inflammatory cytokines through the TNF receptor, IL-1 receptor, and the TLRs family, and, in turn,
their activation gives rise to the expression of other cytokines, proteases, and metabolic enzymes [58].

NF-kB has been shown to be involved in the neuropathological processes associated with seizures
in epilepsy. Epileptic seizures have been shown to trigger a rapid increase in the amount of NF-xB
activated in the hippocampus [59] and its over-expression has been demonstrated in reactive astrocytes
and surviving neurons of patients with hippocampal sclerosis [60].

There are contradictory criteria related to the existence or otherwise of other affected areas
different to the mesial regions in DRTLE [61]. Previous results from our work group support neuronal
death in layer IV of the neocortex adjacent to the hippocampus. This layer is made up of gabaergic
interneurons, neurons that are especially sensitive to damage, and glutamatergic-type afferents that
explain the occurrence of death processes due to excitotoxicity [62].

Annexin V is described as an early marker of apoptotic processes. Once the process of apoptosis
in a cell is activated, the externalization of phosphatidyl serine that is distributed asymmetrically in
the cell membrane is produced and is able to bind annexin V. In our study, increased immunoreaction
to coincidental annexin V was detected with immunodetection to synaptophysin in the neocortex of
patients with DRTLE, which confirms the presence of neurons that initiate the apoptotic process in
this tissue.

The neuronal death observed in our results is probably due to the inflammatory process and to
the involvement or mitochondrial dysfunction caused by the depolarization of the membrane and
the loss of permeability of the mitochondrial membrane, a fact that usually implies the death of the
cell [63]. Prolonged exposure to reactive oxygen species can cause depolarization of the mitochondrial
membrane and subsequently result in an alteration of the permeability of this structure. Our working
group has previously described the presence of an imbalance of the redox system in this type of
patient [64]. Another possibility could be the release by the mitochondria of the inhibiting factor
of apoptosis that can directly cause chromosomal damage and/or the reactive oxygen species of
lysosomal cathepsins that can also provoke mitochondrial damage [63].

The relevant role of apoptotic death in epilepsy has been affirmed by other groups [65-67]. Some
authors state that neuronal loss after epileptic seizures may be due to an active mechanism of apoptotic
death, due to the finding that different classes of regulatory proteins in this process are activated by
seizures, including caspases, death receptors, and proteins. The family of Bcl-2, DNA fragmentation
pattern, and structural changes all predict apoptotic cell death (Graham [63,68-71]).

In summary, our results show the increase in immunodetection with annexin V and the existence
of a correlation between the concentration of IL-6 and the percentage of annexin V positive neurons in
patients with DRTLE, which speaks in favor of the occurrence of an apoptotic neuronal death process.
Similarly, we have shown an increase in the expression of NF-kBas well as the cytokines IL-1f3 and
IL-6, and immunodetection of annexin V co-expressed with positive synaptophysin cells. All these
findings support the occurrence of inflammatory and apoptotic processes in DRTLE patients.

5. Conclusions

The evaluation of the participation of inflammatory processes in DRTLE is aimed at answering
one basic question: Is inflammation part of the etiopathogenic processes in DRTLE or are the seizures
the result of inflammatory disorders? In this sense, our results describe the clinical evidence that once
the epileptogenic tissue has been resected with consequent elimination of seizures (or a significant
reduction of them), the observed inflammation disappears. This finding supports the hypothesis that
the inflammation could be mostly the consequence of epileptogenic processes. Similarly, this study
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supports the criterion of the involvement of inflammation and the activation of pathways such as
NF-«B, and the final occurrence of death processes of the neuronal population is represented.

All these results highlight the necessity for new research about the role of inflammation and
the immune response in the CNS, particularly in DRTLE, in order to achieve an understanding of
the epileptogenic mechanism in this clinical entity and open up new possible immunomodulator
treatments, in particular for those cases in which surgery is not a therapeutic alternative.
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Abstract: The purpose of this paper is to present a long- term electroclinical and employment
follow up in temporal lobe epilepsy (TLE) patients in a comprehensive epilepsy surgery program.
Forty adult patients with pharmacoresistant TLE underwent detailed presurgical evaluation.
Electroencephalogram (EEG) and clinical follow up assessment for each patient were carried out.
The occurrence of interictal epileptiform activity (IEA) and absolute spike frequency (ASF) were
tabulated before and after 1, 6, 12, 24 and 72 months surgical treatment. Employment status pre- to
post-surgery at the last evaluated period was also examined. Engel scores follow-up was described
as follows: at 12 months 70% (28) class I, 10% (4) class Il and 19% (8) class III-IV; at 24 months after
surgery 55.2% (21) of the patients were class I, 28.9% (11) class Il and 15.1% (6) class III-IV. After one-
year follow up 23 (57.7%) patients were seizure and aura-free (Engel class IA). These figures changed
to 47.3%, and 48.6% respectively two and five years following surgery whereas 50% maintained
this condition in the last follow up period. A decline in the ASF was observed from the first year
until the sixth year after surgery in relation to the preoperative EEG. The ASF one year after surgery
allowed to distinguish “satisfactory” from “unsatisfactory” seizure relief outcome at the last follow
up. An adequate social functioning in terms of education and employment in more than 50% of
the patients was also found. Results revealed the feasibility of conducting a successful epilepsy
surgery program with favorable long term electroclinical and psychosocial functioning outcomes in a
developing country as well.

Keywords: temporal lobe epilepsy; epilepsy surgery; long term follow up; Electroencephalogram
interictal epileptiform discharge; employment

1. Introduction

Temporal lobe epilepsy (TLE) associated with mesial temporal sclerosis is considered the most
common and pharmacoresistant type of epilepsy in adults; therefore, 70-80% of epilepsy surgeries
are performed in the temporal lobe. That is the reason why our epilepsy surgery program precisely
initiated with this epilepsy type. According to statistics available as of 2005 epilepsy prevalence in Cuba
is approximately 3. 1/1000 people [1]. Thus, an estimated 80,000 people in the country suffer from
epilepsy, about 24,000 are pharmarcoresistant, and approximately 2400 might have surgery indications.
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However, the success of epilepsy surgery (ES) depends upon the early identification of potential
surgical candidates based on the available resources and technologies [2]. Eventually, after temporal
lobe resective epilepsy surgery, the patient is 70% likely to be seizure-free, and over 30% to be free of
antiepileptic drug (AEDs) within 2 years after surgery [3,4].

Epilepsy surgery still remains the most underutilized of all acceptable medical intervention not
only in developed countries but also in developing countries as the causes of surgical failure are not
clearly understood, and the reasons for this are creating an enormous treatment gap [5].

On the other hand, there is little literature available on epilepsy surgery in developing nations
and the access to and availability of epilepsy management programs are very limited. Thus, there are
multiple social, economic, and medical challenges in establishing successful epilepsy surgery programs
in low- and middle-income countries, and the issue of developing epilepsy centers in resource-limited
areas in a large scale is essential [6-8].

Although the result of epilepsy surgery has improved over time [9-12], the few studies that have
assessed chronological changes in surgical outcome in medial TLE have generally reported cross-sectional
analyses limited to seizure outcomes in low- and middle-income countries. Additionally, the Engel and
ILAE classification systems address only seizure outcome, and do not assess psychosocial, behavioral,
cognitive and vocational development; all vital to gauge the utility of epilepsy surgery [13,14]. Even when
considering both cross-sectional and longitudinal studies, there is insufficient research directly examining
the longer-term educational and vocational outcomes of adult TLE surgery patients.

This article illustrates the results of a long- term follow up in TLE patients operated in the first
comprehensive surgery program carried out at the International Center for Neurological Restoration
in Havana, Cuba. A longitudinal Electroencephalogram (EEG), and clinical long term follow up for
each patient was assessed. Social functioning outcomes are also addressed in this paper.

2. Materials and Methods

2.1. Patient Population

Epileptic patients with pharmacoresistant focal epilepsy were referred from different regions of the
country. Cases were required to be non-responsive to at least 2 appropriate AEDs trials due to inefficacy
and intolerance; hence recurrently compromised by seizures. Then, patients were consecutively
admitted to the first comprehensive surgery program from May 2012 to September 2015. Only subjects
submitted to TLE resection with over one-year follow-up after surgery were included whereas those
with prior brain surgery were left out. Lastly, patients were evaluated by an epileptologist (LM) before
being operated by an epilepsy surgeon (IG). Family and patient’s informed consent was received in
all cases.

2.2. Presurgical Evaluation

Each patient underwent noninvasive presurgical evaluation program including: (a) prolonged
video-electroencephalography (VEEG) monitoring with scalp electrodes placed according to the
international 10-20 system and additional anterior temporal electrodes; (b) Magnetic Resonance Imaging
(MRI) scans with a 1.5 T scanner (Siemens Magnetom Symphony) including the following sequences:
T1-weighted images with and without gadolinium-DTPA, T2-weighted images, fluid-attenuated
inversion recovery images and magnetization-prepared rapid gradient echo sequences. Axial images
were obtained with a modified angulation parallel to the temporal lobe long axis to assess the
mesiotemporal structures; (c) A comprehensive battery of neuropsychological tests (attention
assessment, memory, higher verbal and visual functions); (d) Perimetric evaluation and quadrant
visual evoked potential VEPs [15].

Voxel based morphometric MRI post processing comprising volumetric analysis and functional
neuroimaging using interictal and ictal brain single photon emission computed tomography and
Magnetic Resonance Spectroscopy (MRS) were carried out in only 15% of patients when MRI was
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normal, and when there was discordance between VEEG and MRI, in accordance with our previously
published protocol [16].

In the VEEG, ictal EEG patterns at seizure onset were categorized Type I, Type Il A&B, Type II
based on established criteria by Ebersole and Pacia [17]. With respect to the resection site ictal
and interictal EEG findings were classified concordant (if 75% or more corresponded to the site
of seizure origin (based on seizure semiology, MRI abnormality, and/or area resected) or discordant
(i.e., any evidence of a wider, even if lateralized, spatial distribution outside the resection area involving
more than one seizure. Ictal EEG activity was categorized localized to the presumed lobe of seizure
origin, lateralized to the presumed hemisphere of seizure origin and diffuse (uncertain hemispheric
origin). The distribution of interictal epileptiform discharges (IEDs) during prolonged video-EEG
monitoring was assessed by analyzing 15 minutes interictal EEG samples every 1 h. The data recorded
in relation to events identified by button presses or by seizure or spike detection programs was also
reviewed. Patients underwent VEEG monitoring for 10.7 & 3.14 days.

Ictal and interictal EEG was analyzed by a qualified epileptologist involved in the study (LM).

Patient test results were discussed in an epilepsy surgery conference including a multidisciplinary team.

2.3. Surgical Procedure and Resection Size

Anteromedial Temporal lobectomy tailored by Electrocorticography (ECoG) recording was carried
out by a neurosurgeon (IG). ECoG data acquisition was performed with a Medicid-5 digital EEG system
(Neuronic SA, Cuba) made in Cuba, using AD-TECH subdural electrodes (grid and strips).The superior
gyrus was spared with the neocortical resection of the middle and inferior temporal gyrus. The extent
of anterior temporal neocortical resection was adjusted according to the ECoG findings. The absolute
longitude of lateral and mesial resected tissue was measured by the neurosurgeon (IG) using slices
of images in T1, T2 and FLAIR six months after surgery. The lateral (neocortical) aspect included the
distance (in mm) between the posterior edge of the internal table and the anterior limit of the resected
area considering the middle temporal gyrus in the axial slices of MRI whereas the mesial aspect was
calculated from axial slices in parallel with the preserved hippocampus. Two tangential lines were
drawn: one between the posterior border of the resection and the contralateral hippocampus, and the
other between the anterior limit of the preserved hippocampus and the side of resection. The distance
between these tangential lines was the mesial longitude.

2.4. Tissue Characterization and Histopathological Examination

Resected specimens varied in size depending on the ECoG result. Haematoxylin-eosin and
Kluver-Barrera myelin special stain were performed in mesial and neocortical specimens.

Hippocampal sclerosis (HS) was defined by neuronal loss in CA1, CA3 and CA4 regions of the
hippocampus. Gliofibrillary acidic protein (GENNOVA, dilution 1/50) was used to qualitatively evaluate
the astrogliosis as a consequence of the neuronal loss in the hippocampus and neocortex as well as the
baloon cells. Synaptophysin (GENNOVA, ready to use) was performed when immunohistochemical
staining was necessary.

The presence of focal cortical dysplasia (FCD) and HS was independently confirmed by two
neuropathologists. For mycroscopic diagnosis, and FCD classification, the system proposed by the
International League Against epilepsy was used [18]. For Central Nervous System tumor histopathological
diagnosis purpose WHO classification was used [19].

2.5. Post Operative Follow-Up

Clinical follow up assessment for each patient was carried out six months (1 = 40); one (1 = 40),
two (n = 38), five (n = 37) years; and later from six to fourteen years (n = 30) (mean 9.7 years)
after surgery 42.5% patients were followed up for over ten years and 75% for at least seven years.
Overall, the mean follow-up was 8.6 + 3.9 years. Data were collected prospectively.
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Postsurgical seizure outcome assessment was based on the system proposed by Engel. [Engel class I,
free of disabling seizures; class IA, seizure-free; class II, rare seizures (fewer than three seizures
per year); class III, worthwhile improvement (reduction in seizures of 80% or more); class IV,
no benefit] [20]. To illustrate, and for some statistical analysis, class I was classified as “satisfactory”
outcome, while classes II, Il and IV as “unsatisfactory” seizure relief outcome.

Digital Scalp 30-60 min routine EEG recording was reviewed and interpreted by experienced
electroencephalographers (LM) to assess the presence of interictal epileptiform discharges (IEDs)
defined as sharp waves, spikes and electrographic seizure. IEDs were characterized as temporal
(ipsilateral or contralateral to surgery), bitemporal, extratemporal, and generalized. Scalp EEG analysis
was done using bipolar (longitudinal and transverse with temporal chains) and referential montages.
The occurrence of IED, and absolute spike frequency (ASF) calculated as IED/min were then tabulated
before and after 1, 6, 12, 24 and 72 months surgical treatment.

In order to investigate social functioning, the employment and educational status pre-to post-surgery,
in the last follow up was analyzed.

2.6. Statistics Analysis

Data were collected from follow-up visits and sequentially entered into the database. These data
were summarized with descriptive statistics for each variable comprising means, medians, and standard
deviations for continuous variables and frequencies for categorical variables. Normality of the data
was tested using Shapiro-Wilk test. Results showed non-normal distribution of some variables.
Besides, non-parametric inference was used for comparisons. The Mann-Whitney U test was used
to compare nonparametric values. The Friedman ANOVA and sign test were used to compare the
electroclinical follow up one, six months; one, two, five years; and from six to fourteen years following
surgery. Differences were considered statistically significant at the 5% level.

2.7. Ethical Considerations

All the procedures followed the rules of the Declaration of Helsinki of 1975 for human research,
and the study was approved by the scientific and ethics committee from the International Center for
Neurological Restoration (CIREN37/2012).

3. Results

3.1. Demographic Profile and Electroclinical Features

Patients undergoing noninvasive presurgical evaluation at the CIREN comprehensive epilepsy surgery
program were carefully selected by our interdisciplinary team of epileptologists. During extracranial
Video-EEG monitoring a mean of 13.1 & 9.8 seizures per patient was recorded with a mean Video -EEG
monitoring efficiency equal 0.99. In the whole group the first seizure occurred at day 3; and the third
at day 5. Awake and sleep seizures indexes were 0.77 and 0.24 respectively. In 70% (28 of 40) of cases
the antiepileptic drug regimen was partially reduced during the video-EEG session. Type I Ictal EEG
pattern was documented in 60% of cases; and 62.5% had bitemporal with unilateral predominance IED
(See Table 1).

Table 1. Demographic, clinical and surgical cohort characteristics (40 patients).

Mean age at surgery (years + SD range) 33.5 4 9.7, (range 16-58)
Mean age at seizure onset (years + SD range) 13.7 £ 11.3, (range 9-52)
Gender Male: 22 (55%) Female: 18 (45%)
Mean epilepsy duration (year 4 SD range) 19.6 £ 10.18 (range 2-42)
Precipitant event 1 (%) 31 (77.5%), febrile seizures 47.6%

Mean number of antiepileptic drugs tried + SD (range)  5.95 + 2.02, (range 3-10)

109



Behav. Sci. 2018, 8,19

Table 1. Cont.

Resection lateralization 1 (%) Right 19 (47.5%) Left 21 (52.5%)

Mean follow-up (month range) (year & SD range) 8.6 & 3.9 years (range 1-14)

Complex partial seizures: 100%
Seizure types Simple partial seizures: 76%
History of secondary generalized tonic-clonic seizures: 84%

Type I (5-9 Hz) 24 (60%)

Ictal EEG pattern n (%) Type I (2-5 Hz) 16 (40%)

Concordant 31 (77.4%)

Ictal EEG topography, 7 (%) Discordant 8 (22.5%)

Unilateral/concordant 15 (37.5%);

S o
Preoperative interictal EEG, 7 (%) Bilateral with ipsilateral predominance 5:1, 25 (62.5%)

Left hemisphere resection longitude (mean =+ SD), mesial 18.23 + 6.76 mm, neocortical 41.6 £+ 9.8 mm
Right hemisphere resection longitude (mean + SD) mesial 15.06 £ 5.19 mm, neocortical 40.19 4 12.07

SD Standard deviation.

3.1.1. Temporal Lobectomy and Complications

The resection amount in the 40 patients submitted to anterior temporal lobectomy was based
on a result combination obtained from presurgical evaluation and intraoperative ECoG findings
Table 1. There were no significant differences in the resection size between right and left temporal
lobectomies. Mann Whitney U test for neocortical p = 0.46, for mesial p = 0.18. COMPLICATIONS One
case experienced dysphasia and right hemiparesis. Aseptic meningitis was treated postoperatively in
two patients. Another patient suffered from bacterial meningitis. Quadrantanopsia was not considered
as complication. One patient, categorized in Engel Class II, died from an orthopedic surgery four years
after surgery.

3.1.2. Pathology

The most common etiology was Focal Cortical Dysplasia (FCD) associated with a principal
lesion (FCD type III). 67.5% had FCD type Illa (cortical lamination abnormalities in the temporal lobe
associated with hippocampal sclerosis); 10% FCD type IIIb (cortical lamination abnormalities adjacent
to a glial or glioneuronal tumor; one patient with FCD Illc (cortical lamination abnormalities adjacent
to vascular malformation, and six with only HS. Dual pathology was documented to be associated
with pylocitic astrocytom and arachnoid cystic in two of the patients.

3.2. Electroclinical Follow Up

After one- year follow up, 23 (57.7%) were completely seizure free and aura free (Engel class IA)
while two and five years after surgery the percentage changed from 47.3%, to 48.6% respectively. In the
last follow up period 50% of the patients maintained this condition. However, there was no significant
difference in the number of patient’s seizure and aura free over the long time. Patients kept their AEDs
for at least 2 years postsurgery.

Engel scores follow-up was described as follows: at 12 months 70% (28) class I, 10% (4) class Il and
19% (8) class III-IV; at 24 months: 55.2% (21) of cases were class I, 28.9%(11) class IT and 15.1% (6) class
III-IV. Five years after surgery, 54.05% (20) class I, 35.1% (13) class II, 10.8% (4) class III. At the last
follow-up period 55.1% (16) class I, 24.1% (7) class II and 20.6% (6) class III. There was a notable
difference between clinical evolutions considering all evaluated period (Friedman ANOVA p = 0.01286,
The percentage of patients in Engel class I decreased two years postsurgery in relation to the previous
year (p = 0.01 Sign test). Overall, there was no substantial variation for Engel class I within 24 months
and the last follow up period (p > 0.05 Sign test) (See Figure 1 and Table 2).
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Figure 1. Long term clinical follow up using Engel Scale in temporal lobe epilepsy patients submitted to
epilepsy surgery. Notice that the percentage of patients in Engel class I decreased two years postsurgery
in relation to the previous year (% p = 0.01, Friedman ANOVA and Sign test). There was no substantial
variation for Engel class I within 24 months and the last follow up period (p > 0.05).

Table 2. Year-by-year Clinical follow up by Engel class.

Follow-Up Class I Patients n, (%) Class II Patients 1, (%) Class III Patients n, (%) Class IV Patients n, (%)
1 year, n =40 28, (70%) 4, (10%) 5, (12%) 3 (7%)
2 year, n =38 21, (55.2%) 11, (28.9) 5, (13.1%) 1(2%)
5 year, n =37 20, (54.05) 13, (35.1%) 4, (10.8%)
6-14 year mean 9.7y n =29 16, (55.1) 7,(24.1%) 6, (20.6%)

Interictal Epileptiform Discharges on Post-Operative EEG

There were noteworthy changes in the ASF follow up (Friedman ANOVA p = 0.0108. A decline
in the ASF was observed one, two and six years after surgery in relation to the preoperative EEG
(p 0.003 Sign test). However, there were no differences in the ASF between the first year following
surgery and the other evaluated periods. See Figure 2. Interestingly the ASF in the EEG recorded
one year postsurgery was significantly different in “satisfactory” outcome cases from those with
“unsatisfactory” seizure relief outcome p = 0.02 at the last clinical follow up Figure 3.
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Figure 2. Absolute spike frequency (ASP) on pre-and postoperative Electroencephalogram EEG (one,
six months and one, two and six year). Comparisons of pre-EEG with one, two and six years after
epilepsy surgery (% p < 0.05). Comparisons between one month postsurgical EEG and six months and
one year post surgery (y/ p < 0.05) Friedman ANOVA and Sigh test. There were no differences in the
SAF between the first year after and the other evaluated periods. Notice x axis: evaluated EFG period,
y axis: mean and SEM of the ASF (spike/min).
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Figure 3. Bar grah showing comparisons of absolute spike frequency on the EEG one year postsurgery
(mean and standart deviation SD) in temporal lobe patients with satisfactory (Engel class I) and
unsatisfactory (Engel class II-IV) outcome at the last follow up (6-14 years) (% p < 0.05, Mann Whitney
U test).

3.3. Pre and Post-Surgery Education and Employment Status in TLE Patients

In terms of education and employment status, 41.6% of TLE operated patients who were employed
before surgery remained in regular work. 5% of patients moved to supported work and 7.8% began to
study after surgery. A total of 27.7% of the patients remained unemployment whereas 13.8% became
unemployed post-surgery. More than 70% of patients in both employment and unemployment group
were seizure free. As a whole, over 50% of our patients showed an adequate social functioning in
terms of education and employment fourteen years after TLE surgery.

4. Discussion

This study indicates a steady number of patients as seizure-free in a long-term temporal lobe
epilepsy surgery outcome, and highlights the value of longitudinal postoperative EEG in epilepsy
surgery follow up. Our results also provide evidence of an adequate social functioning in terms of
education and employment in TLE operated patients.

In TLE patients undergoing surgery Engel class I was achieved in 70% at 12 months’ follow-up,
55.2%, 54.05% and 55.1% at 2, 5, and from 6 to14 years respectively. This representsa seizure decrease
during the first year after surgery which remained stable from the second year until the last evaluated
period. In agreement with our results, other studies have shown seizure free in the range of 60-70% after
temporal lobectomy [21-23]. The proportion of patients free of seizure and aura over the long time in
the current study (57.7%) was similar compared to a recent report that also showed complete seizure
freedom in 65% of patients at lyear and in 56.5% at long-term follow-up of >5 years after temporal
lobectomy [24]. Another author that included temporal and extratemporal resections detailed that
>80% of the patients experienced class I outcome at the last four-year follow-up [25].

Our results are in keeping with other series from developing countries such as Argentina which
found Engel class I outcome in 68.21% at 12 months’ follow-up [26]. Mikati MA also stated 70% Engel
class I, 9% class I, 14% class III, and 7% class IV after resective surgery in 93 adults and children who
had undergone epilepsy surgery involving temporal resections in 54% of the cases at the American
University of Beirut [27].

It should be observed that our seizure freedom outcome was better than that reported by other
developing countries such as india and Uganda. In India, for instance, excellent seizure outcome
(seizure-free or having only auras) was achieved in 7/17 patients (41%) [28] and in Uganda’s series
6/10 60% of patients were seizure-free after temporal lobe epilepsy surgery [29]. Remarkably, Mrabet KH,
and Campos et al., reported 100% and 88.24% of patients in Engel class I after epilepsy surgery [30,31].
The former included 15 patients with hippocampal sclerosis in an epilepsy surgery program in Tunisia
with French collaboration, whereas the latter comprised 17 cases. A lower number of operated epilepsy
patients was reported in all these series. Our results are also comparable with those described in a
larger series of 87 children with temporal lobe epilepsy with HS and lesion-related epilepsies with a
non-invasive protocol [32].
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An interesting finding in this research is that patients undergoing temporal resection experienced
significantly favorable long-term outcome. Two of the few studies that have reported longitudinal
follow-up during 10 years include a retrospective single-center study in 325 patients (adults and
children), in which 48% were continuously seizure-free after five years and 41% after 10 years [33].
The second study reported 55% seizure-free (without or with auras) five years following surgery and
49% 10 years later in 615 adults, 497 with temporal lobe resection [34].

Clearly, such comparisons are limited by selection criteria and referral patterns, which are likely
to differ from different centers in Latin American countries. In order to standardize these criteria,
our cases were discussed in an epilepsy surgery conference.

Another remarkable fact in our patients was that the epilepsy duration continued for more
than 10 years (mean 19 years); and that the number of AED treated was higher than five (3-10).
Moreover, most patients had bitemporal IED with unilateral predominance in the preoperative EEG.
On the other hand, the most common etiology was FCD associated with a principal lesion (FCD type
III). Cortical dysplasia has been documented in histologic specimens removed for treatment of drug
resistant TLE epilepsy and there is evidence that a standard anterior temporal lobectomy offers a good
seizure outcome [35-37]. Corresponding results were 64.2% and 56.8% at 1 and >5 years, respectively
in patients with isolated mesio temporal lesion, and 66.4% and 56.0%, respectively in patients with
mesial TLE and additional FCD [38]. In recent years, FCD has been identified as a major cause of
pharmacoresistant focal epilepsy in patients undergoing surgical resection [39,40].The rate of seizure
free after resection changed from 52 to 68.9% [41-43].

Even with this electroclinical profile, our seizure freedom outcome (Engel class I) was equivalent
to other series in developed and developing countries, which points to epilepsy surgery as a long term
effective treatment for carefully selected patients with pharmacoresistant temporal lobe epilepsy. It is
important to highlight that distinction between this study and other series are limited not only because
of the use of the classification proposed by the Task Force of the ILAE but also due to the epilepsy type
addressed in this research. The current ILAE classification encompasses the FCD Type III that includes
FCD associated with other principal lesions based on previous reports of lesions showing dysplastic
changes in histology after resection [44].

In relation to preoperative video EEG it is important to notice that in 60% of the cases, type I
ictal EEG pattern was recognized at seizure onset. This pattern also anticipated a favorable clinical
evolution five years postsurgery; and has been associated with good outcomes in patients with TLE in
earlier studies [28,45]. Nowadays, the controversy about the relative contributions of ictal scalp VEEG,
routine scalp outpatient interictal EEG, intracranial EEG and MRI for predicting seizure-free outcomes
after temporal lobectomy still remains [24].

Regarding post-operative EEG follow-up, a decline in the ASF was observed one, two and six
years after surgery in relation to the preoperative EEG. It should be mentioned that quantitative
measures of changes have been applied in very few studies; and the spike frequency in postoperative
EEGs has been evaluated with controversial results by other authors [46-49]. Gropel reported that the
spike frequency decreased in fourteen patients with mesial TLE-HS at four months, one and two years
after surgical treatment increased in one; but it did not change in seven [48].

It ihas been stated that longer duration EEGs or repeated EEGs performed at different time
intervals following surgery might have increased the chance of capturing IED, especially if epochs of
sleep were involved. An advantage of this study is that we were able to quantify the IED in different
follow up periods.

We also found that the ASF in the EEG recorded one year postsurgery was significantly different
in “satisfactory” outcome cases from those with “unsatisfactory” seizure relief outcome. As a whole,
studies are conflicting as to whether interictal EEG findings predict seizure recurrence [23,46,47,50,51].
Some of them showed a strong predictive value [47,52], while others revealed no predictive
value [48,53-55]. Conflicting results are feasible as populations examined varied considerably among

113



Behav. Sci. 2018, 8,19

studies in the majority of series focusing on anterior temporal lobectomy. Also, there is no standard time
to carry out a post-operative EEG, and centers that perform it routinely set their own protocols [49,56].

The assessment of surgical outcome in epilepsy beyond seizure control has received little attention
in terms of social functioning, and the studies investigating employment and education in adults are
scarce. Moreover, the range of postoperative psychosocial adjustment issues has been well documented,
particularly within the first 24 months after surgery.

We found an adequate social functioning in terms of education and employment fourteen years
after TLE surgery in more than 50% of the patients. In our study, 41.6% of TLE operated patients who
were employed before surgery remained in regular work. 5% of patients moved to supported work
and 7.8% began to study after surgery.

Although most studies have investigated employment outcomes alongside measures of quality
of life, [57-59], a minority of them has focused on employment status pre-and post-surgery [60-63].
Overall, there is a mix of improvements and reductions in occupational status [64,65]. In the majority
of studies an improve of vocational outcomes has been suggested [60,66-70]. Other authors as Asztely
and colleagues reported a decline in the number of patients employed full-time following surgery [71].
Reid K and cols demonstrated that employment outcomes are directly relevant to patient satisfaction
with surgery up to ten years later [70]. In support of the surgical treatment efficacy some studies
comparing surgery to ongoing medical management demonstrate a trend towards higher employment
postsurgery [62,72-74]. One study that used a healthy control demonstrated that up to 10 years
post-surgery, even though patients who were seizure free were more likely to be employed than those
with recurrent seizures. Overall, the number of patients that were still working was notably less than
healthy controls (61% compared to 96%) [75].

It is not surprising, that in adults deemed eligible for epilepsy surgery, employment is a commonly
cited reason for electing to undergo surgery. Both patients and their families identify educational and
vocational outcomes as important, with expectations of improvements post-surgery [76-79].

The principal constraint of this study is the low number of patients that precluded the extraction
of valuable information about potential prognostic factors in seizure recurrence so that more cases
should be recruited to address this issue. Nonetheless, our results revealed a steady number of patients
being seizure-free in a long-term temporal lobe epilepsy surgery outcome, and highlights the value of
longitudinal postoperative EEG in epilepsy surgery follow up. Equally, results confirm the possibility
of conducting a successful epilepsy surgery program with favorable long term electroclinical and
psychosocial functioning outcomes in a developing country as well.
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Abstract: Reports suggest comorbidity between autism spectrum disorder (ASD) and the connective
tissue disorder, Ehlers-Danlos syndrome (EDS). People with EDS and the broader spectrum of
Generalized Joint Hypermobility (GJH) often present with immune- and endocrine-mediated
conditions. Meanwhile, immune/endocrine dysregulation is a popular theme in autism research. We
surveyed a group of ASD women with/without GJH to determine differences in immune/endocrine
exophenotypes. ASD women 25 years or older were invited to participate in an online survey.
Respondents completed a questionnaire concerning diagnoses, immune/endocrine symptom
history, experiences with pain, and seizure history. ASD women with GJH (ASD/GJH) reported
more immune- and endocrine-mediated conditions than their non-GJH counterparts (p = 0.001).
Autoimmune conditions were especially prominent in the ASD/GJH group (p = 0.027). Presence of
immune-mediated symptoms often co-occurred with one another (p < 0.001-0.020), as did
endocrine-mediated symptoms (p < 0.001-0.045), irrespective of the group. Finally, the numbers of
immune- and endocrine-mediated symptoms shared a strong inter-relationship (p < 0.001), suggesting
potential system crosstalk. While our results cannot estimate comorbidity, they reinforce concepts of
an etiological relationship between ASD and GJH. Meanwhile, women with ASD/GJH have complex
immune/endocrine exophenotypes compared to their non-GJH counterparts. Further, we discuss
how connective tissue regulates the immune system and how the immune/endocrine systems in turn
may modulate collagen synthesis, potentially leading to higher rates of GJH in this subpopulation.

Keywords: connective tissue diseases; autoimmunity; mast cells; immunity; humoral; endocrine
system diseases; neurodevelopmental disorders

1. Introduction

Ehlers-Danlos syndrome (EDS) is a group of phenotypically-related disorders subtyped according
to variations in underlying genetic pathology, primary symptom severity, and secondary symptom
associations. All of these conditions are typified by deficits in collagen production and maintenance,
leading to structural changes within the connective tissues of the body. These changes are most evident
within the joints and skin, although many other systems can be affected.

Generalized joint hypermobility (GJH) is a major feature of Hypermobile EDS (hEDS) and other
connective tissue disorders. In addition, GJH can either be benign or associated with significant
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musculoskeletal impairment; the latter of which is often affected by an individual’s age, leading to
changes in diagnosis over time. According to newer nosology [1], when GJH occurs in conjunction
with significant impairment and other criteria for hREDS are not met, it is diagnosed as “Generalized
Hypermobility Spectrum Disorder (G-HSD).” Studies have shown that hEDS and GJH often
co-segregate within families, indicating linked etiologies in some cases [reviewed in 1].

Neuropsychiatric manifestations are common secondary symptoms in EDS/GJH. In particular,
anxiety and mood disorders are prominent and probably the best studied to date [2,3]. However,
a thorough review of the literature by Baeza-Velasco et al. [4] suggests significant links between EDS
and autism, as well as other neurodevelopmental and psychiatric conditions such as attention-deficit
hyperactivity disorder (ADHD), schizophrenia, eating disorders, personality disorders, and even
substance abuse. Interestingly, work by Shetreat et al. [5] and Eccles et al. [6] indicates that joint
hypermobility is significantly more common in children and adults with autism than age- and
gender-matched controls, suggesting etiological links between some cases of autism and connective
tissue disorders.

Immune & Endocrine Dysregulation in ASD & GJH

Immune and neuroendocrine crosstalk is a well-established phenomenon. These systems are
linked via two primary pathways through which that crosstalk is achieved: (1) the sympathoadrenal
system and (2) the hypothalamo-pituitary-adrenal axis [7]. The immune system can also have a direct
effect on oogenesis through the presence of innate and adaptive immune cells located within the ovarian
germ cell pool, which release morphoregulatory signals that stimulate or suppress ovulation [8].

Immune dysregulation has been a popular area of study in autism research, whose foci center around
topics of maternal immune activation (MIA), prevalence of autoimmunity, and other aspects of general
immune dysfunction [9]. In regards to the latter, Careaga et al. [10] have identified two non-overlapping
Th1- and Th2-skewed endophenotypes that are especially prominent in children with ASD.

Hormonal exophenotypes, in contrast, have been less well-studied in ASD. One study by
Ingudomnokul et al. [11] found that high-functioning women on the autism spectrum and their
mothers reported high rates of endocrine disorders. However, most endocrine research to date has
focused on maternal disorders with an emphasis on etiological risk factors, such as diabetes, hirsutism,
and polycystic ovary syndrome (PCOS) [12-14].

High rates of immune- and endocrine-mediated disorders have also been reported in EDS,
though they are currently viewed as secondary symptoms to what are traditionally seen as “collagen
disorders” [15-17]. While it has previously been difficult to explain links between immune and
collagen dysfunction, research into the connective tissue disorders, Marfan and Loeys-Dietz Syndromes,
which share features of overlap with EDS, may help to guide future EDS research.

In order to study the frequency and relationship of immune and endocrine exophenotypes in
adult women with ASD, with or without GJH, we have utilized self-reports covering a range of
clinical symptoms, including features of chronic allergies, autoimmunity, irritable bowel syndrome
(IBS)/ gastrointestinal (GI) dysfunction, and menstrual irregularities.

2. Methods

2.1. Study Population

The vast majority (94%) of respondents were affected persons themselves, rather than family
members responding for adult wards. As such, it is assumed that the majority of our study population
was composed of women with an IQ > 70 due to their abilities to answer a series of complex questions
about general health.

Our study group was composed of two English-speaking subpopulations: (1) women 25 years
and older with a diagnosis of ASD (referred to here as simply “ASD”) (N = 85); and (2) women 25 years
or older with dual ASD and EDS, G-HSD, or Joint Hypermobility Syndrome (JHS) diagnoses (referred
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to here as “ASD/GJH”) (N = 20) (Figure 1). Individuals who were male, were under the age of 25,
or did not have a diagnosis of ASD were excluded. In the ASD group, further exclusionary criteria
were applied: (a) An individual’s responses were removed from the data pool if she suspected the
presence of GJH but was currently undiagnosed, and/or (b) reported double-jointedness across two or
more types of joints [18]. The majority of women reporting EDS diagnosis had hEDS, although a small
minority reported diagnosis of Classical EDS. (See Table 1 for descriptions of terms and definitions.)

Our groups were sex-matched and did not differ significantly by age (t = —0.327, df = 28.451,
p = 0.7459). Full data are presented in Supplementary File 2, Tables S1-57. All data were complete,
with the exception of two respondents” answers on the topic of “Other Chronic Pain”.

Due to the biased manner in which respondents were recruited [i.e., specifically targeting both
ASD and ASD/GJH subgroups via respective web fora (see Section 2.2 under Methods)], we are unable
to estimate the prevalence of GJH in the female ASD population. However, this method allowed us to
collect a larger pool of ASD/GJH respondents, which might otherwise be underrepresented. In doing
so, we are able to study group differences more easily.

Participant Reports No
Completes > ApSD Dx
Survey
\ 4
Reports ASD Reports GJH
Dx DX
A\ 4
Placed
Reports No in ASD/GJH
GJH Dx Group (N = 20)
\ 4
Placed in ASD
Group (N = 85)

Figure 1. Flow chart illustrating group allocation according to reported diagnoses.

Table 1. Terms and diagnoses related to the connective tissue disorders discussed in the manuscript.

Generalized Joint Hypermobility-Related Diagnoses Description

Hypermobile Ehlers-Danlos Syndrome
(hEDS)—Formerly known as EDS, Hypermobile Type,
or EDS Type III.

Generalized joint hypermobility
Musculoskeletal involvement
(arthralgia, instability)

e  Involvement of other organ systems (skin,
Marfanoid features, etc.)

e No consistently associated gene mutations

121



Behav. Sci. 2018, 8, 35

Table 1. Cont.

Generalized Joint Hypermobility-Related Diagnoses Description

Classical Ehlers-Danlos Syndrome (cEDS)—Also
known as EDS Type 1.

Skin hyperpextensibility and atrophic scarring

e Generalized joint hypermobility

e Minor features: e.g., easy bruising, skin fragility,
hernias, etc.

° Associated gene mutations: COL1A1, COL5A1,
and COL5A2

Generalized Hypermobility Spectrum Disorder

(G-HSD) - Formerly known as “non-benign” JHS. Generalized joint hypermobility

Musculoskeletal involvement
(arthralgia, instability)

° Other minor criteria associated with hEDS may
be present but to a comparatively lesser extent

* Joint Hypermobility Syndrome (JHS)—Divided into

“benign” and “non-benign” forms. Diagnosis now in Generalized joint hypermobility

Optional: musculoskeletal involvement

di f 2017.
isuseaso (arthralgia, instability)
Hypermobility Spectrum Disorders (HSD) Composed of:
G-HSD (formerly known as “non-benign” JHS)
Peripheral HSD (P-HSD)

Localized HSD (L-HSD)
Historical HSD (H-HSD)

Asymptomatic Joint Hypermobility e Asymptomatic Generalized Joint Hypermobility

(A-GJH) (formally known as “benign” JHS)

e  Asymptomatic Peripheral Joint Hypermobility
(A-PTH)

e  Asymptomatic Localized Joint Hypermobility
(A-LJH)

Marfan Syndrome (MFS) e Aortic root dilation

e  Ectopia lentis (dislocated lenses of the eye)

. Minor features: Marfan habitus, generalized
joint hypermobility

e  Associated gene mutations: FBN1

Loeys-Dietz Syndrome (LDS) Enlargement of the aorta

Aneurysms

Hypertelorism

Bifid uvula or cleft palate

Minor features: Marfanoid habitus, immune
disorders (allergy, asthma, rhinitis, eczema)

. Associated gene mutations: TGFBR1, TGFBR2,
SMAD3, TGFB2, and TGFB3

* indicates terminology that is no longer in use as of the recent nosological changes enacted [1].

2.2. Survey

This study was approved by the Institutional Review Board (IRB) of the Greenville Health System
(GHS) (ID: Pro00061122). The survey utilized in this study was designed by our research group
based in part on previous informal survey studies performed by the Autism Research Institute (ARI).
These questions were further adapted and expanded according to an additional literature search of
relevant clinical symptomology for our topics of interest. (See Supplementary File 1 for full survey.)

The survey was built on and hosted by the website, SurveyGizmo.com, and was advertised
via the ARI newsletter; the ASD forum, Wrong Planet; and a variety of FaceBook ASD- and
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EDS-specific webcommunities, such as the Autism Women’s Network (AWN), the Autism Spectrum
Women’s Group, AutismTalk, the Ehlers-Danlos Support Group, and Ehlers-Danlos Worldwide.
The administrative teams of all participating web communities were informed that the survey was
IRB-approved and were given access to the survey and, when requested, a copy of the IRB protocol
prior to approval. Following administrator approval, either ELC posted the survey announcement
or administrators posted it themselves. The survey weblink (www.autismwomensstudy.com) led
potential respondents to a description of the purpose and expectations of the study, potential risks
and benefits, investigator contact information, and a waiver of consent. The survey was open and
participants were actively recruited for approximately three months.

Survey questions focused on topics concerning ASD and EDS/GJH diagnoses; symptoms
involving the immune and endocrine systems; chronic pain; GI dysfunction such as IBS; seizures;
and limited aspects of medication history (hormone treatment, antiseizure medications). Additional
topics were covered but were not used for the current study.

Questions on immune symptomology included items concerning hospitalization history;
respiratory disorders like asthma, allergies, sinusitis/rhinitis, and reactions to medications or
environmental chemicals; and autoimmunity [19-21]. Hormone-mediated symptoms included items
such as chronic irregularities in menstruation and associated pain syndromes; PCOS; and other
clinical symptoms indicative of the metabolic syndrome, such as type 2 diabetes/insulin resistance,
hypertension, and high cholesterol [11,22]. The data of respondents who agreed to participate but
failed to complete the survey were discarded.

2.3. Statistical Analyses

When assessing group differences for quantitative variables (e.g., age, immune- and
endocrine-mediated symptoms), Welch two-sample t-tests were conducted unless the distributions
were heavily skewed, in which case the Wilcoxon rank sum test with continuity correction was
used. Two sample tests of proportions were used to compare groups for binary categorical data
(e.g., presence/absence of diabetes, infertility, etc.). Fisher’s Exact Test was used in cases of small
sample sizes. Where appropriate, a false discovery rate adjustment was used to account for multiple
comparisons. A significance level of 0.05 was used for all analyses.

3. Results

3.1. Immune-Mediated Disorders

Although women with ASD and ASD/GJH did not differ in the presence of one or more
immune-mediated symptoms (x? = 1.162, p = 0.281), ASD/GJH women were, however, more likely
to report multiple symptoms (f = —3.860, df = 30.981, p = 0.001), an effect that differed by age
(W =534.5-563, p = 0.009-0.017) (Figure 2A). Women with ASD and ASD/GJH also reported similar
proportions of specific immune exophenotypes (x? = 0.788-4.744, p = 0.137-0.375), with an overall trend
towards higher proportions in the ASD/GJH group. However, one exception concerned autoimmune
disorders: while 13% of the ASD group had an autoimmune disorder, 45% of women with ASD/GJH
reported the same (x> = 8.813, p = 0.027) (Table 2).

The presence of most immune exophenotypes exhibited a significant association with one another,
suggesting that a similar etiological background underlies many of these symptoms. Allergies, rhinitis,
sinusitis, asthma, ear infections, reaction to medications, and reaction to environmental chemicals
all seemed to share a strong interrelationship (p < 0.001-0.020). Meanwhile, autoimmunity was
significantly associated with ear infections (CI = 1.509-18.898, p = 0.014) and showed a trend towards
significance with asthma (CI = 1.003-9.582, p = 0.059) (Figure 2B).
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Table 2. Reported rates of various immune-related symptoms according to group, as well as estimated

general prevalence rates.

Immune Symptomology (1\? 218)5) AUSV[Z?(?)S General Prevalence

Allergies 45% 60% 30% in adults [23]

Asthma 33% 60% 8.4% in general population [24]

Autoimmunity 13% 45% * 7.6-9.4% in general population [25]
83% with >1 incidents between 0-3

Chronic Ear Infections 40% 65% years of age [26] 11% with >1
incidents of all ages [27]

Chronic Rhinitis 38% 60% 8% in adults [28]

Chronic Sinusitis 46% 60% 8% in adults [28]

Severe Reaction to Medications 35% 65% 10-15% of hospitalized patients [29]

Severe Reaction to 39% 65% 13-16% in adults [30]

Environmental Chemicals

* indicates a significant difference between groups.
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Figure 2. (A) Number of immune-mediated symptoms across ASD and ASD/GJH groups. ‘Any
immune’ = 1 or more immune symptoms. (B) Network of immune-mediated symptoms. (C) Number
of endocrine-mediates symptoms across ASD and ASD/GJH groups. ‘Any endocr.” = 1 or more
endocrine symptoms. (D) Network of endocrine-mediated symptoms.

Interestingly, the proportions of IBS/GI dysfunction did not differ significantly between groups,
though the ASD/GJH group reported modestly higher rates (x* = 0.648, p = 0.946). In spite of
IBS’ links with immunity, it did not share a significant relationship with immune exophenotypes in
general (CI = 0.282-7.60, p = 0.717), although our study may have been too underpowered to glean an
effect [31]. Yet in spite of modest numbers, IBS/GI dysfunction was significantly linked with hormonal
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exophenotypes: individuals with IBS/GI dysfunction had more hormone-mediated symptoms on
average than those without (W = 811, p = 0.002).

In spite of the previously reported relationship between hormones and seizure propensity,
the presence of complex hormonal exophenotypes was not associated with epilepsy in our cohort
(W =274, unadj. p = 0.3742) [32]. However, despite the small number of women reporting epilepsy
(N =7), epilepsy shared a modest positive relationship with the number of immune-mediated disorders
irrespective of the group (W = 166, unadj. p = 0.022). While the average number of immune-mediated
disorders reported across the entire cohort was approximately 3.6 (SD = 2.45), women with epilepsy
averaged approximately 5.7 (SD = 2.43).

Finally, joint pain was reported in all cases of ASD/GJH compared to 29% in the ASD group
(x* =30.122, p < 0.001). Meanwhile, differences in joint pain were not accounted for by age (W = 559.5,
p = 0.101) or obesity (x> = 0, p = 1.000). Other types of chronic pain were also reported more often in
ASD/GJH (75% vs. 31%) (x> = 11.072, p < 0.001), including conditions such as fibromyalgia [33].

3.2. Hormone Disorders

Though the ASD/GJH and ASD groups did not differ in the presence of one or more
hormone-mediated disorders (x> = 0.728, p = 0.394), ASD/GJH women reported significantly
more symptoms than their non-GJH counterparts (W = 434, p = 0.001) (Figure 2C). On a
symptom-by-symptom basis, ASD/GJH women reported higher rates of endometriosis ( X% =9.265,
p = 0.018), dysmenorrhea (x? = 19.599, p <0.001), and severe teen acne (x? =7.817, p = 0.026) (Table 3).
Dysmenorrhea, in particular, was reported three times more often (85% vs. 28%) in ASD/GJH
compared to ASD (x? = 19.60, p < 0.001), a frequency similar to that reported in previous EDS research
(see Table 3). In its extreme form, dysmenorrhea is typically associated with endometriosis and both
share links with immune dysfunction in the general population [34,35].

Table 3. Reported rates of various endocrine-related symptoms according to group, as well as estimated
general prevalence rates.

ASD ASD/EDS

Endocrine Symptomology (N = 85) (N = 20) General Prevalence
Adult Acne 21% 35% 35% in women ages 30-39 [36]
Amenorrhea 39% 45% 4.6% in women ages 15-44 [37]
Diabetes/Insulin Resistance 6% 10% 7.9% in adults [38]
Dysmenorrhea 28% 85% * 2-29% in adult women [39]
Endometriosis 5% 30% * 4% in women [40]
High LDL Cholesterol 14% 30% 28% in adults [41]
Hirsutism 19% 30% 10% in adult women [42]
Hypertension 14% 20% 29.1% in adults [43]
Infertility 8% 15% 6% [44]
Irregular Menstruation 27% 55% 18.2% in adult women [45]
Overweight/Obesity 36% 45% 70.7% aged 20+ years [46]
Polycystic Ovary Syndrome o o o
(PCOS) 8% 25% 7.3% in adult women [47]
Premenstrual Dysphoric 21% 30% 3-8% of premenopausal
Disorder (°PMDD) ° ° women [48]

o o % 12.1% in males and females
Severe Teen Acne 14% 45% aged 17 [49]
Uterine Fibroids 99, 59 4.5-9.8% in adult women aged

40-49 [50]

* indicates a significant difference between groups.

We found no significant interaction between group and birth control/hormone treatment in
relation to the average number of hormone-mediated symptoms, indicating that such treatment is an
unlikely group confound in this study. There was, however, a significant relationship between the
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number of hormone-mediated symptoms reported and whether an individual was receiving some
form of hormonal treatment (£(101) = 2.75, p = 0.004). While we cannot rule out a potential confound,
instead, we conclude that this is likely a reflection of the severity of endocrine disorders in our cohort
and their prescribed treatments [51].

Like immune symptoms, individual hormone-mediated symptoms were often associated with
one another (Figure 2D). PCOS shared links with other symptoms, including diabetes, adult acne,
irregular menses, and hirsutism, all of which are either diagnostic of or commonly reported in
PCOS (p = 0.005-0.045). In contrast, infertility, overweight/obesity, amenorrhea, hypertension,
and high low-density lipoprotein (LDL) cholesterol did not associate with PCOS in our groups
(p = 0.073-0.809) [52]. There was, however, a trend towards significance between PCOS and infertility,
suggesting our data may have been underpowered, requiring a larger pool of respondents in the future
(OR 95% CI = 1.20-37.800, p = 0.073). Endometriosis and dysmenorrhea were also associated with one
another (CI = 2.229-785.323, p = 0.013).

3.3. The Relationship between Immune- & Hormone-Mediated Symptoms

There was no significant association between the general presence of immune- and
endocrine-mediated disorders across our cohort (OR 95% CI = 0.538, 21.119, p = 0.098). However,
the number of immune-mediated symptoms per individual greatly predicted the number of
hormone-mediated symptoms (Spearman’s rho = 0.35, p < 0.001). This suggests that the complexity and
severity of immune- and endocrine-mediated disorders share a strong positive relationship with one
another in autism and potentially within the general population, e.g., [53].

4. Discussion

The present study attempts to address phenotypic differences between ASD women with and
without GJH. This research supports a growing body of literature indicating that immune-mediated
disorders are a common comorbid feature in hEDS and GJH. In addition, we have also shown that
this dysfunction may be paired with endocrine dysregulation, leading to complex immune and
hormonal exophenotypes, such as autoimmune disorders, allergic rhinitis, asthma, endometriosis,
and dysmenorrhea. While we have not addressed autism and GJH comorbidity rates in this study,
their co-occurrence in the adult ASD female population suggests links between the dysfunction of
connective tissue and the immune and endocrine systems in this subpopulation.

As discussed, the immune system has been a popular area of investigation in autism research.
However, reports of clinical manifestations in the child population seem to vary [54-57]. Some clinical
manifestations arise during or progress in severity with the advent of puberty, highlighting the role the
endocrine system plays in immune function, e.g., [58]. In addition, women are more frequent targets
of such dysfunction, suggesting that studying immune dysregulation in prepubertal individuals with
autism, while also ignoring gender confounds, dramatically underrepresents the frequency of clinical
symptoms in the autism population [19]. For these reasons, we limited our study population to women
aged 25 years or older on the autism spectrum.

4.1. Immune-Mediated Disorders in Association with Connective Tissue Disorders

Loeys-Dietz Syndrome (LDS) is a connective tissue disorder caused by mutations directly targeting
the TGF-$ pathway and is characterized primarily by enlargement of the aorta. People with LDS
have high rates of immune-mediated disorders such as respiratory and food allergies and occasionally
present with Hyper-IgE Syndrome, a type of primary immunodeficiency [59]. In addition, they also
share many of the same dysmorphic features as those seen in the connective tissue disorder, Marfan
Syndrome (MFS) [60].

Although MFS is associated with mutations in the Fibrillin-1 (FBN1) gene whose protein
product is a component of the extracellular matrix (ECM), FBN1 mutations lead to marked TGF-f3
dysregulation [61-63]. Fibrillin appears to control the activity of TGF-$ by acting as a structural
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platform for the Latent TGF-f Binding Protein (LTBP) that sequesters and inactivates TGF-f3, acting as
a reserve pool for rapid injury response [64]. Given its role as a foundational morphogen, it is believed
this overlap in TGF-f3 pathway dysregulation leads to the overlapping features of MFS and LDS [65].

Like LDS, some individuals with hEDS present with a Marfanoid (Marfan-like) habitus [66].
However, unlike MFS that results from dysfunctional fibrillin, EDS is typically linked with dysfunction
of the ECM protein, collagen. Marfan and Marfanoid features in all three of these disorders suggest
considerable overlap and interaction between the ECM and the TGF-f3 pathway. In addition, TGF-f
serves as a link between the ECM and immune system disruption as it is a key immunomodulator,
implicated not only within the joints in these connective tissue disorders, but also in other organ
systems such as the lungs [65]. Interestingly, several studies have consistently found lower TGF-f31
levels in autism, which according to Ashwood et al. [67], may help explain some of the immune
dysregulation in the condition [67,68]. For these reasons, the TGF-3 pathway and upstream networks
may be prime areas of study for future work into the overlapping etiologies of both connective tissue
disorders and autism.

4.2. The Effects of Estrogen on Collagen Production & the Immune System

Similar to certain immune disorders like autoimmunity, GJH and hEDS preferentially target
women for reasons not well understood [69]. One possibility may stem from sex differences in muscle
mass, in which stronger muscles help to counteract joint laxity and ensuant pain [16]. For this
reason, one of the foci of physical therapy in the treatment of GJH/hEDS centers around improved
muscle strength surrounding problem joints [70]. However, female-specific effects may result not only
from low testosterone levels, but also estrogen metabolites that either suppress collagen production
directly, particularly within the skin, or result in a more rapid turnover of collagen within tendons and
ligaments [71-73].

Estrogen is also a major immunomodulator. It is capable of driving activation of the Th2 branch
of the immune system, boosting humoral immunity and the ability of the body to target parasites and
other extracellular infections. Estrogen also stimulates mast cell degranulation, prompting a release
of chemicals such as histamines, TNF-«, various amines, chymase, and tryptase [74,75]. Mast cell
activation, in turn, may drive both Th1/Th2 immune responses depending on the invading pathogen,
the target tissue, and other variable factors [76].

Interestingly, estrogen also increases the synthesis of TGF-3 within numerous cell types, the latter
of which is itself a key morphogen and immunodulator. In addition, estrogen further interacts with the
TGF- pathway by forming a complex with Smad 3/4, redirecting TGF-f3 target genes. Finally, TGF-f3
and estrogen are able to interact at the level of various Ras complexes, by which TGF-3 enhances
estrogenic action [77]. All of these data together suggest significant interaction of estrogen with various
networks implicated in connective tissue disorders and their secondary symptoms.

4.3. Autism & Generalized Joint Hypermobility

Results of this study indicate that the ASD/GJH phenotype in women is characterized not only
by classic symptoms of EDS/G-HSD such as generalized hypermobility and chronic pain, but that
immune and endocrine system involvements may be extensive. In addition, phenotypic expression of
this immune disorder is mediated by the endocrine system and the ongoing presentation of symptoms
throughout life are guided by immune-endocrine crosstalk.

In support of this, all 20 ASD/GJH women in our study group reported > 2 immune-mediated
symptoms, with an average reporting of 5.3 symptoms per person compared to 3.2 in the ASD group.
Likewise, 90% of ASD/GJH women reported > 2 hormone-mediated symptoms, with an average of
5.1, compared to 2.7 in ASD. Therefore, the vast majority of ASD/GJH women in this study reported
multiple immune- and endocrine-mediated symptoms, the extent of which appears to vary with
one another.
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Mast Cell Activation Syndrome (MCAS), a newly recognized diagnostic entity with growing
clinical significance, may be relevant to immune exophenotypes reported by our participants [15].
While the traditional slew of MCAS impairments include analphylaxis, syncope, flushing, urticaria,
and GI distress (e.g., diarrhea, nausea, vomiting), continued study of this condition reveals a broader
spectrum of physical ailments relative to the locations of mast cells involved, the extent of stimulation,
and the specific mediators released.

Although MCAS can mimic many localized diseases, its defining feature is chronic mast cell
activation across two or more organ systems, which is reminiscent of the complex combination of
respiratory, connective tissue, and GI symptoms reported by some of our participants [78,79]. Interestingly,
MCAS is also a common comorbid feature of EDS and postural orthostatic syndrome (POTS), reinforcing
this emerging pattern [15,80]. Current prevalence rates of this newly recognized entity (14-17%) also
suggest it is far more common in the general population than originally believed [78].

While GJH can occur without complications, many cases involve extensive inflammation at the
affected joints, suggesting a potential immune component in the disorder as is seen in TGF-3 pathway
involvement in LDS and MFS. As Afrin [78] suggests in reference to the MCAS-/hEDS relationship:

. chronic aberrant elaboration of a particular set of mediators (drawn from amongst the mast
cell’s repertoire of more than 200 such molecular signals) not only [influences] virtually every
other system and organ in the body but also [influences] connective tissue development to yield the
“hyperextensible” phenotype long associated with EDS Type III [(hypermobile type)]. (p. 138)

4.4. The Etiology of Autism

While this study cannot address rates of ASD and GJH co-occurrence because of the way in which
respondents were recruited, the comorbidity itself reinforces etiological links between autism and
connective tissue disorders. Both cytokines and hormones play recognized roles in neurogenesis,
neuritogenesis, synaptogenesis, and ongoing plasticity [81-84]. In addition, some researchers have
proposed that autoantibodies to brain-specific proteins may also disrupt neurodevelopment, leading to
increased autism risk [85]. Finally, endocrine disruption, either via endogenous or exogenous effectors,
is likewise a growing area of research into autism’s etiology [12,86]. All of these topics highlight the
crosstalk between the immune and endocrine systems and strengthen their combined links to ASD.

4.5. Limitations

According to recent changes in nosology, hEDS, the most common of the Ehlers-Danlos
Syndromes, lies on a continuum with Hypermobility Spectrum Disorders (HSD), including what
was once known as Joint Hypermobility Syndrome (JHS) (see Table 1). Previous studies have shown
that hEDS and JHS often co-segregate within families, suggesting that in some cases, JHS/HSD may
be a lighter variant of hEDS (reviewed in [1]).

As of last year, the criteria for hEDS have become more stringent, placing greater focus on the
additional involvement of tissue systems outside that of the musculoskeletal system, e.g., skin and
other organs [1]. It is therefore possible and probable that some individuals in this study who had a
previous diagnosis of EDS, Hypermobile Type, no longer reach the cut-off for hEDS and would instead
be given a diagnosis of Generalized HSD (G-HSD) were they reassessed.

Due to the nature of online surveys and our inability to reassess participants for appropriate
recategorization, it is therefore assumed that the ASD/GJH group in this study contains a mix of
individuals who would currently be defined as G-HSD and hEDS. For these reasons, our results may
not be fully applicable to hEDS and must therefore be interpreted with caution.

Other limitations of our study concern the reliability of data derived from self-reports, which is
vulnerable to reporting bias. In particular, the similarity between rates of clinical presentation in our
ASD group and the general population suggests reporting reliability (Tables 2 and 3). Meanwhile,
similarly high rates of immune- and endocrine-mediated disorders in our ASD/GJH group compared
to the general HSD/EDS population also support the veracity of their reports [17,33,69].

128



Behav. Sci. 2018, 8, 35

A related vulnerability of our data hinges on ASD and GJH diagnostic reliability. While the data
is dependent upon self-reports, we did however offer respondents the opportunity to specify whether
they were professionally diagnosed or suspected a diagnosis. Those who indicated a suspicion of
hEDS or some type of HSD were initially included in the first round of analyses as an additional
group of interest. However, their data varied too dramatically from the diagnosed group and were not
included in the final analysis. Therefore, while the diagnostics are not standardized in this study, those
reporting professional diagnoses of ASD or GJH were assumed to be truthful.

Another limitation concerns small sample sizes, particularly of the ASD/GJH group. Given the
rarity of EDS (1:5000) and the infrequency of its overlap with ASD (3%), a sample size of 20 could
be considered quite large [87,88]. There are unfortunately no current estimates of G-HSD prevalence
under the new nosology; however, our results indicate that we have had ample power for this study.

We selectively surveyed ASD women aged 25 years or older to study specific immune and
endocrine exophenotypes. However, we cannot generalize our results to the broader autism spectrum,
though previous studies indicate that related endo- and exophenotypes exist in ASD males and
individuals under the age of 25. Likewise, we cannot generalize our data to the full EDS and GJH
spectrums, though previous research supports our findings [17,79,80,89]. Instead, future research is
needed to explore a potential clinical spectrum that spans the sexes and the lifespan to determine to
what extent our findings apply to the broader autism spectrum and GJH.

Finally, our results suggest there may be a relationship between epilepsy and immune
symptomology, which is supported by the recognized roles that cytokines and other immune factors
play in epileptogenesis [90]. However, due to small participant numbers, further investigation is
necessary to address this potential and is a topic we will be addressing in future studies.

Supplementary Materials: The following are available online at http:/ /www.mdpi.com/2076-328X/8/3/35/s1,
Table S1: immune symptoms: hospitalization history, asthma, ear infections, rhinitis, and sinusitis. 0=no
symptom reported; 1 = symptom reported, Table S2: immune symptoms: allergies, reaction to medications
(med react), reaction to environmental chemicals (env react), autoimmunity, and sum of all immune symptoms.
0 = no symptom reported; 1 = symptom reported, Table S3: endocrine symptoms: polycystic ovary syndrome
(PCOS), amenorrhea, diabetes 2/insulin resistance (diabetes, endometriosis, and adult acne. 0 = no symptom
reported; 1 = symptom reported, Table S4: Endocrine symptoms: infertility, dysmenorrhea, irregular menses,
high LDL cholesterol, and hypertension. 0 = no symptom reported; 1 = symptom reported, Table S5: Endocrine
symptoms: hirsutism, overweight/obesity, premenstrual dysphoric disorder (PMDD), severe teen acne, uterine
fibroids, and sum of all endocrine symptoms. 0 = no symptom reported; 1 = symptom reported, Table S6: Sum
of immune symptoms by age range (child, teen, and adult). 0 = no symptom reported; 1 = symptom reported,
Table S7: Symptoms of irritable bowel syndrome/ gastrointestinal dysmotility (IBS), joint pain, other chronic pain,
epilepsy, and birth control/hormone treatment (BC Tx). 0 = no symptom reported; 1 = symptom reported.
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Abstract: Aims: Autism spectrum disorder (ASD) refers to a group of heterogeneous brain-based
neurodevelopmental disorders with different levels of symptom severity. Given the challenges,
the clinical diagnosis of ASD is based on information gained from interviews with patients’
parents. The heterogeneous pathogenesis of this disorder appears to be driven by genetic and
environmental interactions, which also plays a vital role in predisposing individuals to ASD with
different commitment levels. In recent years, it has been proposed that epigenetic modifications
directly contribute to the pathogenesis of several neurodevelopmental disorders, such as ASD.
The microRNAs (miRNAs) comprises a species of short noncoding RNA that regulate gene expression
post-transcriptionally and have an essential functional role in the brain, particularly in neuronal
plasticity and neuronal development, and could be involved in ASD pathophysiology. The aim
of this study is to evaluate the expression of blood miRNA in correlation with clinical findings
in patients with ASD, and to find possible biomarkers for the disorder. Results: From a total of
26 miRNA studied, seven were significantly altered in ASD patients, when compared to the control
group: miR34c-5p, miR92a-2-5p, miR-145-5p and miR199a-5p were up-regulated and miR27a-3p,
miR19-b-1-5p and miR193a-5p were down-regulated in ASD patients. Discussion: The main targets
of these miRNAs are involved in immunological developmental, immune response and protein
synthesis at transcriptional and translational levels. The up-regulation of both miR-199a-5p and
miR92a-2a and down-regulation of miR-193a and miR-27a was observed in AD patients, and may in
turn affect the SIRT1, HDAC2, and PI3K/Akt-TSC:mTOR signaling pathways. Furthermore, MeCP2
is a target of miR-199a-5p, and is involved in Rett Syndrome (RTT), which possibly explains the
autistic phenotype in male patients with this syndrome.

Keywords: ASD; microRNA; SIRT1; HDAC?2; PI3K/Akt-TSC:mTOR; MeCP2

1. Introduction

Autism spectrum disorder (ASD) refers to a group of heterogeneous brain-based
neurodevelopmental disorders with different levels of symptom severity in two core domains:
impairment in communication and social interaction; and repetitive and stereotypic patterns of
behavior [1]. Given the challenges, the clinical diagnosis of ASD is based on information gained
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from interviews with patients’ parents, in accordance with the Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition, Text Revision (DSMV-TR). In April 2018 an important study from the
Autism and Developmental Disabilities Monitoring Network was published by the U.S. Department
of Health and Human Services/Centers for Disease Control that estimates the prevalence of ASD
among U.S. children aged 8 years old. The results obtained revealed that one in 59 children aged
8 years, from multiple communities, presented ASD [1]. Multiple lines of evidence suggest that ASD is
genetic in origin, with most data supporting a polygenic model [2,3]. However, except for the GWAS
study [4], which demonstrate that although autism possesses a complex genetic architecture, common
variations are found, and other genetic studies have been quite successful in identifying suitable
candidate genes for ASD. The heterogeneous pathogenesis of this disorder appears to be driven by
genetic and environmental interactions, which also play a vital role in predisposing individuals to
ASD with different commitment levels [5]. In recent years, it has been proposed that epigenetic
modifications directly contribute to the pathogenesis of several neurodevelopmental disorders, such as
ASD [6-8]. Epigenetics modifiers act at the interface of genes targeting different mechanisms: histone
modifications, DNA methylation, chromatin remodeling or noncoding RNA (microRNAs); controlling
heritable changes in gene expression without changing the DNA sequence [9,10].

It has been proposed that epigenetic machinery was closely related with neuronal development
disorders by several pathways influencing cell cycle regulation, development and axon guidance,
dendritic spine development and function, actin cytoskeleton regulation and protein synthesis
regulation [11]. The microRNAs (miRNAs) comprise a species of short noncoding RNA (approximately
21 nucleotides) that regulate gene expression post-transcriptionally, by interacting with specific
mRNAs, usually at the 3’ untranslated region (UTR), through partial sequence complementation,
resulting in mRNA degradation or repression of translation [12]. In this way, a variety of cellular
processes could be affected, as cellular differentiation, metabolism and apoptosis [13]. miRNAs
have an essential functional role in the brain, particularly in neuronal plasticity and neuronal
development [14]. Each miRNA binds multiple targets in several mature mRNA species, mediating
several biological functions, including physiological neuronal gene expression and also several
pathological processes, as were previously described in some brain disorders [15,16]. The expression
of many miRNAs is dynamically regulated during brain development, neurogenesis, the neuronal
maturation mechanism [14], and an important signaling pathway involved in all of these processes
is the tuberous sclerosis complex-mammalian target of rapamycin (TSC-mTOR). For example,
a significant impairment to this pathway has been observed in some disorders related to autism,
including Tuberous Sclerosis, a disease characterized by mutations in tuberous sclerosis proteins (TSC)
TSC1 or TSC2 genes [17].

Recently, studies have revealed associations between the immune system and the central
nervous system in ASD development, hypothesizing that early neuroimmune disturbances during
embryogenesis could persist throughout an individual’s lifetime. Considering that miRNAs can pass
into the bloodstream from cells or tissues and organs [18], it seems reasonable to suppose that changes
in miRNA levels in blood could reflect direct changes occurred in the Central Nervous System and
lymphoid organs. Thus, in the present study, we evaluated the expression of miRNA in the blood of
ASD patients and analyzed the repression targets of these miRNAs, correlating them with biochemical
pathways that may be deregulated in ASD. We propose that the miRNA expression profile may be
used as a clinical marker for the diagnosis or prognosis of the disorder, and that epigenetic changes
may help in understanding the disease.

2. Materials and Methods

2.1. Subjects

This study was approved by the Ethics Committee of Hospital de Clinicas de Porto Alegre (HCPA)
and the subjects’ parents provided informed consent before inclusion in the study. Eleven patients

136



Behav. Sci. 2018, 8,75

attending an outpatient clinic of the HCPA were included in the study, following a semi-structured
interview. Clinical diagnosis was confirmed by criteria defined by the Diagnostic and Statistical
Manual of Mental Disorders V and Autism Screening Questionnaire. Seven ASD male patients
with a mean age of 7.5 years (sd 2.5) and four non-ASD male controls with a mean age of 7.5 years
(sd 2.5) was carried out. The ASD subjects were enrolled in the same autism severity group by two
well-validated clinical tests: the Childhood Autism Rating Scale (CARS) [19] and Autism Diagnostic
Observation Schedule-Generic (ADOS-G) [20]. Exclusion criteria were as follows: (a) comorbidities
such as chromosomal syndromes; (b) genetic or metabolic disease. Non-ASD male children were
included after clinical diagnosis that excluded: (a) presence of psychiatric disorder; (b) presence of
ASD patients in family; (c) presence of chromosomal syndrome; (d) genetic or metabolic disease.

2.2. Quantitative Real Time Polymerase Chain Reaction (RT-gPCR)

MicroRNA profile evaluations were evaluated from peripheral blood samples were obtained from
patient and immediately mixed with a three-fold volume of Trizol (Invitrogen) for total RNA extraction.

Considering some common aspects among the different disorders that affect the Central Nervous
System, the 26 candidate miRNAs evaluated in this study, were based in previous studies in the
literature conducted with patients with sleep disturbances [21] or who had some neurodegenerative
diseases [22,23].

miRNA quantification was carried out by quantitative RT-qPCR using a stem-loop RT-PCR
technique, as previously described [24]. Complementary DNA (cDNA) was synthesized from mature
miRNA using a reverse transcriptase reaction containing 2 pg of total RNA, 1 pL of 10 mM dNTP mix
(Invitrogen, Waltham, MA, USA), 3 uL of stem loop RT primer mix, 4 uL M-MLV reverse transcriptase
5X reaction buffer (Invitrogen), 2 uL of 0.1 M DTT (Invitrogen), 1 uL of RNase inhibitor (Invitrogen),
1.0 uL of M-MLV reverse transcriptase (Invitrogen), and sterile distilled water to a final volume of
20 pL. The synthesis of cDNA was completed after a sequence of four incubations at 16 °C for 30 min,
42 °C for 30 min, 85 °C for 5 min and 4 °C for 10 min.

The quantitative PCR mix was made up with 12 uL of cDNA (1:33), 1.0 uL of specific miRNA
forward and universal reverse (10 uM) primers (as detailed in Table 1), 0.5 uL of 10 uM dNTP
mix, 2.5 uL of 10X PCR buffer (Invitrogen), 1.5 pL of 50 mM MgCI2 (Invitrogen), 2.4 uL of 1X Sybr
Green (Molecular Probes, Eugene, OR, USA), 0.1 uL of Platinum Taq DNA Polymerase (Invitrogen),
and sterile distilled water to a final volume of 24 uL. The fluorescence of Sybr Green was used to detect
amplification, estimate Ct values, and to determine specificity after melting curve analysis. PCR cycling
conditions were standardized to 95 °C for 5 min, followed by 40 cycles at 95 °C for 10's, 60 °C for 10s,
and 72 °C for 10 s. After the main amplification, sample fluorescence was measured from 60 °C to
95 °C, with an increasing ramp of 0.3 °C each, in order to obtain the denaturing curve of the amplified
products to assure their homogeneity after peak detection, and Tm (melting temperature) estimation
using data obtained from an Applied Biosystems StepOne System (Lincoln Centre Drive Foster City,
CA, USA). After the main amplification step, sample fluorescence was measured at temperatures from
55-99 °C, with an increasing ramp of 0.1 °C, in order to obtain the denaturing curve of the amplified
products and to assure their homogeneity after peak detection and Tm estimation using data obtained
from Applied Biosystems StepOne Plus.

The relative expression was obtained in triplicate using the method, where the Crossing
threshold (Ct) values of the target samples are subtracted from the average Ct values of the standard
or control samples. The use of 2744t is adequate, as the amount of RNA among the different blood
samples to produce the cDNAs did not differ significantly and produced similar Ct values among
the samples for 4 different miRNA used in the initial screening and evaluated by Genorm software.
The Genorm analysis was used to assess the variance in the expression levels among the miRNA and
pairwise comparisons. This resulted in 4 control miRNA, the most stable ones, for every pairwise
comparison, serving as normalizers to evaluate the relative expression of miRNA. The RT-qPCR results
were analyzed by Genorm algorithm to assess the variance in expression levels of the miRNA studied.

2—AACt
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This program performed a scan of the present miRNA from groups compared two by two each time.
Then, the expression stabilities of the set of miRNA were evaluated. All miRNA were ranked according
to their stability value. A pairwise variation analysis was performed by Genorm to determine the
number of miRNA required for accurate normalization and to identify which miRNA could be used as
internal control.

Table 1. Information about miRNA evaluated. ID, Chromosome localization, Accession miRBase
(www.mirbase.org), Mature Sequence and Forward Primer.

D Chromosome Ac.c ession Mature Sequence Forward Primer
miRBase

hsa-miR-19b-1-5p 13 MI0000074 AGUUUUGCAGGUUUGCAUCCAGC AGTTTTGCAGGTTTGCATCCAGC
hsa-miR-24-2-5p 19 MI0000081 UGCCUACUGAGCUGAAACACAG TGCCTACTGAGCTGAAACACAG
hsa-miR-25-3p 7 MI0000082 CAUUGCACUUGUCUCGGUCUGA CATTGCACTTGTCTCGGTCTGA
hsa-miR-27a-3p 19 MI0000085 UUCACAGUGGCUAAGUUCCGC TTCACAGTGGCTAAGTTCCGC
hsa-miR-29b-2-5p 1 MI0000107 CUGGUUUCACAUGGUGGCUUAG CTGGTTTCACATGGTGGCTTAG
hsa-miR-31-5p 9 MI0000089 AGGCAAGAUGCUGGCAUAGCU AGGCAAGATGCTGGCATAGCT
hsa-miR-34a-5p 1 MI0000268 UGGCAGUGUCUUAGCUGGUUGU TGGCAGTGTCTTAGCTGGTTGT
hsa-miR-34c-5p 11 MI0000743 AGGCAGUGUAGUUAGCUGAUUGC AGGCAGTGTAGTTAGCTGATTGC
hsa-miR-92a-2-5p X MI0000094 GGGUGGGGAUUUGUUGCAUUAC GGGTGGGGATTTGTTGCATTAC
hsa-miR-99a-5p 21 MI0000101 AACCCGUAGAUCCGAUCUUGUG AACCCGTAGATCCGATCTTGTG
hsa-miR-125a-5p 19 MI0000469  UCCCUGAGACCCUUUAACCUGUGA TCCCTGAGACCCTTTAACCTGTGA
hsa-miR-125b-1-3p 11 MI0000446 ACGGGUUAGGCUCUUGGGAGCU ACGGGTTAGGCTCTTGGGAGCT
hsa-miR-125b-2-3p 21 MI0000470 UCACAAGUCAGGCUCUUGGGAC TCACAAGTCAGGCTCTTGGGAC
hsa-miR-145-5p 5 MI0000461 GUCCAGUUUUCCCAGGAAUCCCU GTCCAGTTTTCCCAGGAATCCCT
hsa-miR-181b-5p 1 MI0000270 AACAUUCAUUGCUGUCGGUGGGU AACATTCAUUGCTGTCGGTGGGT
hsa-miR-191-5p 3 MI0000465 CAACGGAAUCCCAAAAGCAGCUG CAACGGAATCCCAAAAGCAGCTG
hsa-miR-193a-5p 17 MI0000487 UGGGUCUUUGCGGGCGAGAUGA TGGGTCTTTGCGGGCGAGATGA
hsa-miR-193b-3p 16 MI0003137 AACUGGCCCUCAAAGUCCCGCU AACTGGCCCTCAAAGTCCCGCT

hsa-miR-198 3 MI0000240 GGUCCAGAGGGGAGAUAGGUUC GGTCCAGAGGGGAGATAGGTTC
hsa-miR-199a-5p 19 MI0000242 CCCAGUGUUCAGACUACCUGUUC CCCAGTGTTCAGACTACCTGTTC
hsa-miR-210-3p 11 MI0000286 CUGUGCGUGUGACAGCGGCUGA CTGTGCGTGTGACAGCGGCTGA
hsa-miR-214-3p 1 MI0000290 ACAGCAGGCACAGACAGGCAGU ACAGCAGGCACAGACAGGCAGT
hsa-miR-221-3p X MI0000298 AGCUACAUUGUCUGCUGGGUUUC AGCTACATTGTCTGCTGGGTTTC
hsa-miR-222-3p X MI0000299 AGCUACAUCUGGCUACUGGGU AGCTACATCTGGCTACTGGGT
hsa-miR-339-5p 7 MI0000815 UCCCUGUCCUCCAGGAGCUCACG TCCCTGTCCTCCAGGAGCTCACG
hsa-miR-370-3p 14 MI0000778 GCCUGCUGGGGUGGAACCUGGU GCCTGCTGGGGTGGAACCTGGT

2.3. Statistical Analysis

To assess whether ASD patients and controls were homogeneous for age and gender the
Chi-squared test was used. Statistical analysis of the relative expression values obtained for each
miRNA in the experimental group was performed by Student’s ¢-test implemented using the SPSS
Statistics 17 software. In order to compare the expression levels between the two experimental
groups, the Waller-Duncan and Tukey HSD tests were performed with SPSS 17, with identical group
discrimination and similar probability values.

Each altered miRNA has a cluster of validated targets, which were predicted for at least two
available programs for experimental assays (miRBase).

The protein clusters were formed by the STRING 10 software using an automatic force-directed
layout algorithm that orders the nodes in the network. The algorithm works iteratively trying to
position the nodes apart from each other with a “preferred distance” proportional to the String
global score (https:/ /string-db.org/). All nucleotide sequences were screened and evaluated through
miRBase and, after the ready profile, miRBase data banks were searched for altered microRNA targets
(www.mirbase.org).

3. Results

From a total of 26 miRNAs evaluated (Table 1), seven were statistically altered in ASD patients in
comparison with control group. Specifically, miR34c-5p (Figure 1; p = 0.0068), miR-145-5p (Figure 2;
p = 0.0099), miR92a-2-5p (Figure 3; p = 0.0026) and miR199a-5p (Figure 4; p = 0.047) were up-regulated,
while miR19b-1-5p (Figure 5; p = 0.0184), miR27a-3p (Figure 6; p = 0.0001) and miR193a-5p (Figure 7;
p =0.001) were down-regulated comparing the ASD patients with the control group. Additionally,
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the validated targets of the seven altered miRNA are shown in protein clusters (Figures 1b-7b), except
for the miR92a-2-5p, which does not have validated targets in Homo sapiens. The results for Genorm
revealed ubiquitous and stably expressed normalization by RT-qPCR: miR125a-5p, miR181b-5p,
miR125b-2-3p, miR198. Thus, each alerted miRNA was calculated from 4 normalizing miRNA.
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Figure 1. (a) Scatter plot of differential relative expression of miR34c in peripheral blood of ASD
subjects compared to control subjects. Results expressed as mean =+ standard error. t-Test analysis;
*p <0.05. (b) mRNA validates targets for miR34c selected in miRBase and respective proteins clusters
that can be involved in ASD. Proteins involved in epigenetic regulation: NANOG (Nanog homeobox);
NOTCHI (notch 1); SOX2 (SRY (sex determining region Y)-box 2); SRSF2 (serine/arginine-rich splicing
factor 2); NOTCH4 (notch 4); E2F3 (E2F transcription factor); MYCN (v-myc myelocytomatosis viral
related oncogene, neuroblastoma derived); MYC (v-myc myelocytomatosis viral oncogene homolog).
Proteins involved in cell cycle: CCNE2 (cyclin E2); BCL2 (B-cell CLL/lymphoma 2). Proteins involved
in immunological regulation: ZAP70 (zeta-chain (TCR) associated protein kinase 70kDa); ULBP2
(UL16 binding protein 2); CDK4 (cyclin-dependent kinase 4); CAV1 (caveolin 1). Protein associated
with cytoskeleton stabilization in neuronal cell: MAPT (microtubule-associated protein tau (776 aa)).
Protein involved in DNA repair: UNG (uracil-DNA glycosylase).
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Figure 2. (a) Scatter plot of differential relative expression of miR145 in peripheral blood of ASD
subjects compared to control subjects. Results expressed as mean =+ standard error. t-Test analysis;
*p < 0.05. (b) mRNA validates targets for miR145 selected in miRBase and respective proteins clusters
that can be involved in ASD. Proteins involved in epigenetic regulation: ERS1 (estrogen receptor
1); POU5F1 (POU class 5 homeobox 1 (360 aa)); Cllorf9 (chromosome 11 open reading frame 9);
PARPS (poly (ADP-ribose) polymerase family, member 8 (854 aa)); SOX2 (SRY (sex determining
region Y)-box 2); HOX9 (homeobox A9); STAT1 (signal transducer and activator of transcription 1);
KLF4 (Kruppel-like factor 4); KLF5 (Kruppel-like factor 5); NEDD9 (neural precursor cell expressed);
DDX17 (DEAD (Asp-Glu-Ala-Asp) box helicase 17); EIF4E (eukaryotic translation initiation factor 4E);
CBEFB (core-binding factor, beta subunit); HDAC2 (histone deacetylase 2). Proteins involved in cell
cycle: CDKN1A (cyclin-dependent kinase inhibitor 1A (p21, Cip1)); CDK4 (cyclin-dependent kinase 4);
MYC (v-myc myelocytomatosis viral oncogene homolog); PPM1D (protein phosphatase, Mg?* /Mn2*
dependent, 1D); KRT7 (keratin 7). Proteins involved in immunological regulation: IFNB1 (interferon
beta 1 fibroblast); TIRAP (toll-interleukin 1 receptor (TIR) domain containing adaptor protein); SOCS7
(suppressor of cytokine signaling 7); ADAM17 (ADAM metallopeptidase domain 17). Proteins involved
in insulin metabolism: IGFIR (insulin-like growth factor 1 receptor), IRS1 (insulin receptor substrate 1);
IRS2 (insulin receptor substrate 2). Proteins associated with cytoskeleton and cell migration: SWAP70
(SWAP switching B-cell complex 70kDa subunit); ILK (integrin-linked kinase); MYO6 (myosin VI);
FSCNI1 (fascin homolog 1, actin-bundling protein); ROBO2 (roundabout, axon guidance receptor,
homolog 2); CDH2 (cadherin 2, type 1, N-cadherin (neuronal)), TMOD3 (tropomodulin 3 (ubiquitous));
SRGAP1 (SLIT-ROBO Rho GTPase activating protein 1); PAK4 (p21 protein (Cdc42/Rac)-activated
kinase 4). Others: SERPINEI (serpin peptidase inhibitor, clade E (nexin, plasminogen activator inhibitor
type 1)); EGFR (epidermal growth factor receptor); NRAS (neuroblastoma RAS viral (v-ras) oncogene
homolog); VEGFA (vascular endothelial growth factor A); PPP3CA (protein phosphatase 3, catalytic
subunit); CTGF (connective tissue growth factor); MUC (mucin 1).
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Figure 3. Scatter plot of differential relative expression of miR92a2 in peripheral blood of ASD subjects
compared to control subjects. Results expressed as mean + standard error. t-Test analysis; * p < 0.05.
miR92a2 does not have validated targets in Homo sapiens.
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Figure 4. (a) Scatter plot of differential relative expression of miR199a in peripheral blood of ASD
subjects compared to control subjects. Results expressed as mean =+ standard error. t-Test analysis;
*p <0.05. (b) mRNA validates targets for miR199a selected in miRBase and respective proteins
clusters that can be involved in ASD. Proteins involved in epigenetic regulation: SIRT1 (sirtuin 1);
SOX9 (SRY (sex determining region Y)-box 9); MED6 (mediator complex subunit 6); SMARCA2
(SWI/SNEF related, matrix associated, actin dependent regulator of chromatin, subfamily a, member 2);
CCNL1 (cyclin L1); JUNB (jun B proto-oncogene); HIF1A (hypoxia inducible factor 1, alpha subunit);
ETS2 (v-ets erythroblastosis virus E26 oncogene homolog 2); MECP2 (methyl-CpG binding protein 2).
Proteins involved in immunological regulation: CAV1 (caveolin 1); SMAD4 (SMAD family member 4);
ALOXS5AP (arachidonate 5-lipoxygenase-activating protein); CD44 (CD44 molecule); IKBKB (inhibitor
of kappa light polypeptide gene enhancer in B-cells). Protein associated with cytoskeleton and cell
migration: ERBB2 (v-erb-b2 erythroblastic leukemia viral oncogene homolog 2). Protein involved
in DNA repair: UNG (uracil-DNA glycosylase). Protein involved in strogen metabolim: SULT1E1
(sulfotransferase family 1E, estrogen-preferring, member 1). Others: MAP3K11 (mitogen-activated
protein kinase kinase kinase 11); TMEM54 (transmembrane protein 54); GPR78 (G protein-coupled
receptor 78; Orphan receptor).
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Figure 5. (a) Scatter plot of differential relative expression of miR19b in peripheral blood of ASD
subjects compared to control subjects. Results expressed as mean =+ standard error. t-Test analysis;
*p <0.05. (b) mRNA validates targets for miR19b selected in miRBase and respective proteins clusters
that can be involved in ASD. Protein involved in cell cycle: CCNDI1 (cyclin D1). Proteins associated
with cytoskeleton: ITGBS (integrin, beta 8); KDR (kinase insert domain receptor). Others: CASP8
(caspase 8); FGFR2 (fibroblast growth factor receptor 2).
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Figure 6. (a) Scatter plot of differential relative expression of miR27a in peripheral blood of ASD
subjects compared to control subjects. Results expressed as mean =+ standard error. t-Test analysis;
*p <0.05. (b) mRNA validates targets for miR27a selected in miRBase and respective proteins clusters
that can be involved in ASD. Proteins involved in epigenetic regulation: SP4 (Sp4 transcription factor);
SP3 (Sp3 transcription factor); WDR77 (WD repeat domain 77); RUNXI (runt-related transcription
factor 1); MYT1 (myelin transcription factor 1); SP1 (Sp1 transcription factor); FOXO1 (forkhead box
0O1); PAX3 (paired box 3); NFE2L2 (nuclear factor (erythroid-derived 2)-like 2); HIPK2 (homeodomain
interacting protein kinase 2); ZBTB10 (zinc finger and BTB domain containing 10). Proteins involved
in cell cycle: PHB (prohibitin), WEE1 (WEE1 homolog). Others: APC (adenomatous polyposis coli),
MMP13 (matrix metallopeptidase 13 (collagenase 3)); MSTN (myostatin); EGFR (epidermal growth
factor receptor); FBXW7 (F-box and WD repeat domain containing 7); IGF1 (insulin-like growth factor
1); PDS5B (regulator of cohesion maintenance, homolog B); THRB (thyroid hormone receptor, beta);
ABCA1 (ATP-binding cassette, sub-family A (ABC1), member 1); SPRY2 (sprouty homolog 2).
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Figure 7. (a) Scatter plot of differential relative expression of miR193a in peripheral blood of ASD
subjects compared to control subjects. Results expressed as mean =+ standard error. t-Test analysis;
*p<0.05. (b) mRNA validates targets for miR193a selected in miRBase and respective proteins
clusters that can be involved in ASD. Protein associated with central regulation of cellular metabolism,
growth and survival in response to hormones, growth factors, nutrients, energy and stress signals:
MTOR (mechanistic target of rapamycin (serine/threonine kinase). Protein involved in cell cycle: TP73
(tumor protein p73). Others: ZC3H7B (zinc finger CCCH-type containing 7B); RPL35A (ribosomal
protein L35a); CEBPA (CCAAT /enhancer binding protein (C/EBP), alpha).

Each altered miRNA has a cluster of validated targets, which were predicted for at least two
available programs for experimental assays (miRBase). Using the STRING 10 software and information
from validated targets for each miRNA available at the miRBase website (mirbase.org), we predicted
the pathways that may be involved in ASD.

4. Discussion

ASD is characterized by tremendous phenotypic heterogeneity and the individuals affected
demonstrate different levels of behavioral commitment. Considering the differences among ASD
individuals, our study aimed to evaluate only one level in the autism spectrum, since the samples
tested were only boys that had been clinically diagnosed with classical autism as well established
by CARS [19] and (ADOS-G) [20]. As ASD has no biological marker and its etiology is unknown,
our research may open new perspectives for investigating cellular processes that occur in affected
individuals. The understanding of epigenetic alterations, such as miRNA modifications, could help
in elucidate some relevant aspects of ASD, especially in classic autism. Immunological differences
could explain the neuro-immunoregulation observed in ASD patients and based in the results shown
here, we identified targets that could potentially be affected by altered miRNAs using the miRBase
database. The influence of decreased levels of miRNA in ASD patients should be discussed given
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the fact that the miRNA targets identified are involved in several biological functions that have been
previously reported to be dysregulated in ASD, such as cell cycle regulation, axon development
and guidance, dendritic spine development and function, protein synthesis regulation and immune
response. In addition, it should be taken into account that the intracellular targets for these altered
miRNA might also be altered in autistic patients and that this data opens an interesting area of
investigation, particularly in blood cell signaling and profiling. Besides the possibility of using this
set of miRNA biomarkers for the diagnosis and prognosis of ASD, it is important to understand
the pathways that are involved in the regulation of those molecules. Immune aberrations consistent
with dysregulated immune responses have been reported in autistic children, including skewed
TH1/TH2 cytokine profiles [25], low natural killer (NK) cell activity [26] and an imbalance in
serum immunoglobulin levels [27]. In addition, ASD has been linked to autoimmunity and chronic
neuroinflammation caused by glutamatergic excitotoxicity and diminished GABAergic signals [28].

The majority of the target proteins of miR34c-5p (Figure 1b)—which is up-regulated in ASD
patients—are involved in cell cycle control, such as MYC and MYB. The most important target
of miR34c-5p is ZAP70 (Zeta-chain-associated protein kinase 70), a signaling protein involved in
immunological development and response. ZAP70 is one of the main proteins involved in lymphocyte
activation and function and is also important for NK activity [29]. Additionally, cell-mediated
immunity was impaired in ASD patients, as observed by low numbers of CD4" cells and a concomitant
T-cell polarity with an imbalance of Th1/Th2 subsets towards Th2 and the presence of autoantibodies
against brain proteins [30]. Inhibition of ZAP70 protein expression could modify the adaptive response
and the development of thymocytes. In a study involving 1027 blood samples from autistic children,
45% of a subgroup of children with autism suffered from low NK cell activity [27]. In another
study, the cytotoxicity of NK cells was significantly reduced in ASD, as compared with controls [31].
Furthermore, under similar conditions, the presence of perforin, granzyme B, and interferon-gama
(IFN-y) in NK cells from ASD children was significantly lower in comparison to controls [31]. Similarly,
it is sustained that lower levels in CD57+CD3— lymphocyte, a subset of NK cells, could be a possible
link to a subgroup of ASD [26]. These findings suggest a possible dysfunction of NK cells in children
with ASD. Therefore, during critical periods of development, abnormalities in NK cells could represent
a susceptibility factor in ASD, that predispose to the development of autoimmunity and/or adverse
neuroimmune interactions as already reported [31].

Furthermore, ASD is a neurodevelopmental disorder associated with abnormal neuroplasticity
in early development [32]. Another target of miR34c-5p (Figure 1b) is a protein associated
with cytoskeleton stabilization in neuronal cell: MAPT (microtubule-associated protein tau with
776 amino acids). The mRNA that encodes MAPT is regulated by alternative splicing, giving rise
to several mRNA species [33]. MAPT transcripts are differentially expressed in the nervous system,
depending on the stage of neuronal maturation and neuron type [34]. Additionally, mutations
in this gene are also associated with neurodegenerative disorders, such as Alzheimer’s disease,
Pick’s disease, frontotemporal dementia, cortico-basal degeneration and progressive supranuclear
palsy [35]. Our findings suggest that by epigenetic modifications a negative regulation occurs in
the MAPT protein, since changes in neuronal maturation have been widely reported in patients
with ASD [33,34]. With regard to epigenetic regulation, the recruitment of histone acetyltransferases
(HATs) and histone deacetylases (HDACsS) is considered a key element in the dynamic regulation
of many genes playing important roles in cellular proliferation and differentiation. The recruitment
of HDAC:s leads to transcriptional repression and inhibitors of this enzymatic activity could reverse
aberrant repression and lead to re-expression of genes inducing cell differentiation. In consonance with
this hypothesis, the use of Valproic Acid (VPA), a widely used antiepileptic drug, which induces
proteasomal degradation of HDAC2 and also inhibits selectively the catalytic activity of class I
HDAC:S [36], during pregnancy is a risk factor associated with the increased incidence of ASD [37].
In this study, we observed that miR145-5p (Figure 2) is up-regulated in ASD patients and could
promote mRNA degradation of HDAC2, thus inducing suppression of protein synthesis, since HDAC2
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is a validated target of miR145-5p. Therefore, an autistic phenotype could be linked to HDAC2
deregulation due to mir145 up-regulation in our patients.

Considering that SIRT1 enzyme is a NAD* dependent deacetylase involved in a wide range of
cellular processes, it was already shown that SIRT1 negatively regulates the mTOR (mammalian target
of rapamycin) signaling, potentially through the TSC1/2 complex [38]. The TSC1/2-mTOR signaling
pathway is reported to have a crucial role in mRNA translation during brain development and thus
could serve as a crucial pathogenic mechanism in ASD. Furthermore, the up-regulation of miR-199a-5p
(Figure 4) may induce a down-regulation of SIRT1 in ASD patients (Figure 8). Additionally, mTOR is
a target of miR-193a, another miRNA found to be down-regulated in our study (Figure 7a). TSC1 is
a predictive target of miR92a-2a (Figure 3), which was up-regulated in our ASD patients, possibly
demonstrating and supporting epigenetic regulation in ASD patients, due to alterations in miRNA in
this pathway.

On the other hand, this study demonstrated that the expression of miR-27a-3p (Figure 6) was
significantly decreased in ASD patients. Therefore, its mRNA targets could reduce the repression
of mRNA translation. An example of a target of miR-27a-3p is insulin-like growth factor-1 (IGF-1),
which acts through IGF-1 receptor (IGF-1R, a tyrosine-kinase receptor) [39] and plays a pivotal role
in several cellular responses (Figure 8). IGF-1 is a pleiotropic signal in the developing cerebellum,
regulating proliferation, neurite outgrowth and survival [40]. The activated IGF-1R activates several
phosphorylation cascades being one of the most commonly, the phospho-tidylinositol-3-kinase (PI3K)
pathway. PI3K can induce activation of phosphokinase B/ Akt (Akt), leading to inhibition of glycogen
synthase-kinase-3-beta (GSK3f3), and could promote proliferation and survival [41]. The Akt-mTOR
pathway is dysregulated in multiple animal models of monogenic causes of ASD, including fragile
X mental retardation [42], Rett Syndrome [43] and tuberous sclerosis [44], whereas IGF-1 ligands
may improve neurodevelopmental symptoms in Rett Syndrome [45]. In addition, our results show
down-regulation of miR-27a (Figure 6) in ASD patients and this could facilitate PI3K activation,
indicating that the PI3K/ Akt pathway could be up-regulated, which could be involved in the cellular
growth, proliferation, migration and adhesion [46].
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Figure 8. miRNA regulatory pathway in the control of the protein synthesis through SIRT1—TSC:mTOR.

Remarkably, we found that MeCP2 (methyl-CpG binding protein 2), which is involved in Rett
Syndrome (RTT), is a target of miR-199a. RTT is an X-linked postnatal neurodevelopmental disorder,
which is primarily caused by mutations in the gene encoding MeCP2 [47]. A number of MeCP2 target
genes have been identified, including the Brain-Derived Neurotrophic Factor (BDNF) [48]. Several RTT
mutations have been described that render MeCP2 incapable of binding to methylated DNA and/or
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repressing gene transcription. This protein dysfunction has also been shown to cause abnormalities
in RNA splicing, suggesting a complex molecular pathogenesis [49]. The loss of the function of the
MeCP2 protein leads to autistic behaviors in RTT syndrome. As such, as MeCP2 is a known target of a
miRNA found to be altered in our patients with classic autism, we suggest that the MeCP2 protein is
decreased by epigenetic inhibition, leading to autistic behavior similar to that observed in patients
affected by a mutation in the MeCP2 gene.

5. Conclusions

Despite the intense investigation of the genetic factors involved in ASD, there is still no consensus
as to the main causative candidate genes. Therefore, studies of epigenetic regulation could identify
altered mechanisms and elucidate the etiology of this disorder. This study shows changes in miRNA
levels in patients that could explain many phenotypic features in the spectrum. The investigation of
the modulation of proteins that regulate gene expression seems to be a correct path to follow, since the
heterogeneity of the disease is an important factor and could be explained by the different levels of
regulation. Although the small number of subjects enrolled in our study limits our data, we believe
that the results presented here are innovative and important to increase the knowledge in the ASD
field. Furthermore, it is important to highlight that the ASD subjects presented the same autism
severity, and considering the accuracy and strength of the methodology used, this study produce
important hypotheses that should be better explored in future studies. The alterations surveyed
in the blood can be seen as permanent changes and correlate from the embryonic development of
affected individuals. In addition, the altered miRNA set found in this study may be analyzed in a
future molecular diagnosis of the disorder, since the alterations found corroborate with clinical and
biochemical situations. The quantification of altered miRNA expression may be used for the prognosis
of ASD, as scales of impairment may be made, since this disorder presents a spectrum of severity levels.
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Abstract: Introduction: Treatment strategies in Parkinson’s disease (PD) can improve a patient’s
quality of life but cannot stop the progression of PD. We are looking for different alternatives that
modify the natural course of the disease and recent research has demonstrated the neuroprotective
properties of erythropoietin. In Cuba, the Center for Molecular Immunology (CIM) is a cutting edge
scientific center where the recombinant form (EPOrh) and recombinant human erythropoietin with
low sialic acid (NeuroEPO) are produced. We performed two clinical trials to evaluate the safety and
tolerability of these two drugs in PD patients. In this paper we want to show the positive results of
the additional cognitive tests employed, as part of the comprehensive assessment. Materials and
method: Two studies were conducted in PD patients from the outpatient clinic of CIREN, including
n =10 and n = 26 patients between 60 and 66 years of age, in stages 1 to 2 of the Hoehn and Yahr Scale.
The first study employed recombinant human (thEPO) and the second an intranasal formulation
of neuroEPO. All patients were evaluated with a battery of neuropsychological scales composed
to evaluate global cognitive functioning, executive function, and memory. Results: The general
results in both studies showed a positive response to the cognitive functions in PD patients, who were
undergoing pharmacological treatment with respect to the evaluation (p < 0.05) before the intervention.
Conclusions: Erythropoietin has a discrete positive effect on the cognitive functions of patients with
Parkinson’s disease, which could be interpreted as an effect of the neuroprotective properties of
this molecules. To confirm the results another clinical trial phase III with neuroEPO is in progress,
also designed to discard any influence of a placebo effect on cognition.

Keywords: cognitive; neuroprotection; Parkinson

1. Introduction

Cognitive symptoms are not the feature that distinguishes Parkinson’s disease (PD) but they are
very frequent in the natural evolution of this movement disorder [1] and are the cause of many of
the disabilities [2]. These appear early [3], even before the onset of the parkinsonian syndrome and
progress with it. They are characterized by difficulty in the formation of concepts, in temporal ordering
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and change of patterns, as well as alterations in attention, motor learning disorders, visuospatial
disorders and memory dysfunction all related to the functions of the frontal lobe [4].

The alterations in the executive functions are the fundamental characteristic of the neuropsychological
profile [5]. A significant number of patients develop dementia [5-7], which highly impacts their quality
of life.

The evolution of cognitive symptoms is variable, from very slow in some cases to rapidly
progressing towards dementia in others. The major risk factor is the time of progression and the
severity of the motor symptoms, which correlates with the neuropathological stages [8]. Age is another
important risk factor [9]. The combination with other non-motor symptoms such as depression and
apathy make the patient more vulnerable to the development of dementia [10].

The neural substrate and the pathophysiology of cognitive impairment in PD are not fully
known due to their complex nature and the multiple neurotransmission systems that are involved in
them [5]. It is known that the pattern of onset of these symptoms is accompanied by alterations of the
frontal-subcortical cortex, advancing the lesions towards the posterior cortical zones [7].

In the long term, these symptoms are the most disabling non-motor complications since they
impair the mental functions in a permanent way, for up to now there is no way to control its clinical
development. The response to the drugs used to treat these symptoms is very low and the progression
is unstoppable.

The molecules that are studied for symptomatic treatment, and as neuroprotectors in PD,
are mostly evaluated in terms of their action on motor symptoms, not in terms of their action on
the neuropsychological sphere [11,12].

In the search for neuroprotective therapeutic alternatives, evidence has been found of the
neuroprotective capacity of substances such as erythropoietin, a cytokine known as an important
hematopoietic growth factor in tissue oxygenation [13]. It is a glycoprotein hormone that has 165 amino
acids, weighs 30.4 kDa and is a member of the cytokine super families. Its location in the adult is the
kidney while in the fetus its main production occurs in the liver [14,15].

In 1985 EPOrh was used for the first time in clinical treatments for patients in terminal stages of
kidney diseases. In 1989, the US pharmaceutical and food industry approved its use. At present it
is widely used in the treatment of anemia related to premature births, renal failure, cancer, chronic
inflammatory diseases, and HIV infections [16-18].

Initially it was believed that its only function was to maintain tissue oxygenation at adequate
levels; however, it has been shown to have other functions besides being an important hematopoietic
factor [19].

The studies showed that EPO has other functions such as neuroprotection, which is performed
by several mechanisms which are not all fully clarified. It reduces the toxicity of glutamate, induces
the production of antiapoptotic factors, reduces inflammation, decreases the damage mediated by
nitric acid, as well as has neurotrophic, antioxidant, and angiogenic action. It also promotes the
formation of species reactive to oxygen, the activation of the protein kinase B (PKB) via the kinase-3
phosphoinositide, and the activation of the Janus Kinasa-2 (jak2) and the signaling factor of nuclear
factor-kappaB (NF-kB) [19].

EPO has been identified as an important endogenous mediator of the tissue adaptive response
to metabolic stress, capable of limiting the extent of tissue damage. In addition, it modifies both
the neuronal electrical activity and the synthesis, transport, and release of neurotransmitters in
dopaminergic and cholinergic populations, favoring the differentiation of dopaminergic neurons from
their precursors under conditions of low oxygen availability in the central nervous system (CNS).

Studies have shown that EPO is capable of modifying the neuronal electrical activity as well as
the synthesis, transport, and release of neurotransmitters in dopaminergic and cholinergic populations.
Studies carried out in vitro on PC12 cells have demonstrated its ability to stimulate cell survival and
increase dopamine release.

151



Behav. Sci. 2018, 8,51

EPO is widely distributed in different regions of the body particularly susceptible to aging
and atrophy such as the hippocampus, the substantia nigra, and the cerebral cortex. It has been
demonstrated that its systemic administration has neuroprotective action in cultures of dopaminergic
neurons in animal models MPTP and 6-OHDA of PD, subjected to hypoxia and ischemia induced by the
deprivation of oxygen, glucose, glutamate, and excitotoxicity by nitric oxide; however, the striatal levels
of catecholamines are maintained in normal limits with the response of a decrease in the rotational
asymmetry of the mice [20-22]. In preclinical studies in PD as well as in other neurological [23-25]
and psychiatric [26] diseases, EPO has also shown its capacity as a neuroprotector.

The EPOrh obtained in the Center of Molecular Immunology is registered and approved for use
in humans in Cuba and other countries. The quality of the product is supported by its increasing
international facilitates and its use in therapeutic clinical trials, with a subsequent generalization for
use in an open population. In the production process of the EPOrh, isoforms with different sialic acid
contents are obtained. When the weight of the EPO molecule is between 4 and 7 mmol/mL of protein,
it is considered as having a low content of sialic acid (NeuroEPO). This molecule is similar to that
produced in the brain of mammals but does not have an inducer effect in the synthesis of erythrocytes,
maintaining its neuroprotective properties.

The name is due to its similarity with the EPO that is synthesized in the brain of mammals and is
rapidly degraded by the liver due to its low content of sialic acid. Due to this it must be administered
by a non-systemic route, such as intranasal [27,28]. Neuro-EPO is also obtained in the Molecular
Immunological Center.

Supported by the knowledge of the characteristics of the molecule obtained through the
investigations carried out, as well as the need for medicines and neuroprotective treatment strategies
for PD and the economic feasibility of producing the molecule in our country, we carried out clinical
studies with the use of this molecule.

We previously conducted a proof of concept clinical trial, administering EPOrh subcutaneously
where the neuropsychological performance was measured as a secondary endpoint. Results showed
an increased neuropsychological performance of patients after administration as compared to before
administration results [29].

In a second investigation led by the author, this time using intranasal neuroEPO, with the
main aim to show the safety and tolerability of the drug in PD patients, we took advantage of the
neuropsychological evaluation to make a comparison with the first study.

The objective of the current study was to show the most significant results in relation to the
neuropsychological scales in the current study performed with neuroEPO and make a comparison
with those found previously in the study with EPOrh.

2. Materials and Methods

The first clinical trial was conducted at the International Center for Neurological Restoration
CIREN www.ciren.cu and consisted of the administration of EPOrh subcutaneously at a dose of
60 IU/kg, once a week for five consecutive weeks. Ten patients with PD were included according to
the Bank of London criteria in stages 1-3 of Hoehn and Yahr. Two patients were in stage 1, one in stage
1.5, one in stage II, five in stage 2.5 and one in stage 3. The age range was between 45 and 67 years
with an average of 53 years. The distribution by sex was of 8 men and 2 women.

For the evaluation of cognitive symptoms, the Dementia Rating Scale Scale of Mattis (DRS) [30]
was used. Evaluation was performed before starting the treatment, at week 1 of treatment, and 90 days
after finishing it.

The statistical analysis was performed with the STATISTICA 6.0 package. The scores resulting
from the evaluations were stored in databases.

Descriptive statistics such as the mean and the standard deviation were used for the statistical
analysis to know the measurements of the central tendency of the variables and the test of the signs
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was employed to compare the differences between the scores obtained in the scales before and after
the treatment with EPOrh.

All the patients signed an informed consent form as well as their relatives and the clinician
conducting the trial.

The second study was conducted by two institutions: The International Center for Neurological
Restoration and the Center for Molecular Immunology, who was the promoter. It was a phase I-II
physician led clinical trial, in which 26 patients with PD who were classified as being in stages 1-2
according to the Hoehn and Yarh scale participated. The sample was randomly divided into two
groups. Group A received neuroEPO and group B received placebo. The group A average age was
56.4 with a 7.8 standard deviation, females predominated at 53.4%, while patients in stage 2 made up
73.4% of the total. The evolution time had a mean of 5.4 years with a standard deviation of 3.2 and
most of the patients were college graduates (46%).

In group B the mean age was 61.09 with a 6.6 standard deviation. The male sex prevailed, 72.7%,
and stage 2 patients made up 80.8%. The evolution time average was 5.8 years with a standard
deviation of 3.5 and most of the patients were college graduates (72.7%).

Despite the apparent differences between the clinical and demographic variables, the evaluation
using the Mann-Whitney U and the chi square test did not show significant differences.

Randomization was performed by the CIM assigning N = 15 to group A and N = 11 to group
B. The groups were respectively administered neuroEPO and placebo with identical organoleptic
characteristics. The informed consent of all patients was obtained before the start of the trial.

The dose of neuroEPO was a vial with a dose of 1 mL/1mg administered intra-nasally for five
consecutive weeks. The placebo group was administered 1 mL of an intranasal inert solution for the
same period of time.

The assessment of cognitive symptoms was performed before starting the treatment, at week 1
of treatment and six months after its completion, with a wide-range battery of neuropsychological
tests. These tests included the Mini mental Examination Test [31], DRS by Mattis, and The Frontal
Assessment Battery (FAB) [32] to measure global cognitive functioning. The copy and reproduction of
the Rey complex figure [33] was used to evaluate the visuoconstructive function and visual memory
considering each one of the 18 units that compose it. The Verbal Fluency Test (D-KEFS) [34], which
evaluated dorsolateral frontal lobe functions, consisted of verbal phonological fluency, verbal semantic
fluency, and the capacity to alternate mental categories variables. The Word-Color Conflict Test
(StroopTest) [35] gave us information about the state of selective and focused attention, the inhibition
of responses, and the change of mental set. The Trail Making Test (TMT) [36] assessed the speed of
visual location, attention, mental flexibility, working memory, and motor function. The Rey Verbal
Auditory Learning Test [37] evaluated functions of the frontal lobe and had as variables working
memory capacity, auditory-verbal learning ability, degree of retroactive interference, coding capacity,
verbal memory storage, and ability to recognize auditory-verbal information. The working memory
index of the WAIS III [38], a multidimensional battery, evaluates the state of the frontal lobe: integrated
by subtests of sustained attention, working memory, and problem solving.

The IBM SPSS Statistics V 21 package was used for the statistical analysis of the data. We used
tables of frequency analysis and descriptive statistics to analyze the demographic characteristics of the
sample. The tables included means and percentages.

For the analysis of the results obtained by studying the differences between quantitative
variables for paired and unpaired samples, the Wilcoxon and U of Mann-Whitney tests were used
respectively. For the qualitative variables Chi square (X?) test was used. All values of p < 0.05 were
considered significant.

3. Results

In the previous study performed with recombinant erythropoietin, administered subcutaneously,
the results showed that the cognitive status of all patients measured only by the DRS Scale improved
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after treatment, their individual score being higher in the final evaluation with respect to the initial
one (z = 2.84, p: 0.004).

The analysis of cognitive variables in the current study performed with intranasal neuroEPO had
the following results:

Phonological and Semantic Verbal Test (FAS):

Subtest the phonological verbal fluency: showed significant differences at week 1 after treatment
(z: 2.2, p: 0.02)) in the group treated with neuroEPO, in comparison with the placebo group.

Subtest mental category change: significant differences were found in the group treated with
neuroEPO (z: 2.13, p = 0.03) at six months after treatment.

Dementia Rating Scale (DRS):

Group treated with neuroEPO: showed significant differences between the pre-treatment
evaluation, the week one (p: 0.01, z: 2.5), and six months after the end of treatment (p: 0.005, z: 2.8)

Placebo group: significant differences were found at week one after treatment (p: 0.01, z: 2.5) and
at six months (p: 0.011, z: 2.5).

Frontal Assessment Battery (FAB) Test of Litvan:

Group treated with neuroEPO: significant differences in the evaluation made one week after the
treatment (p: 0.009, z: 2.5) and six months later (p: 0.004, z: 2.8)

Placebo group: significant differences one week after treatment (p: 0.02, z: 2.3) and six months
later (p: 0.009, z: 2.5)

Rey complex figure:
Memory subtest:

Group treated with neuroEPO: significant difference between pre-treatment, at one week
(p: 0.0009, z: 3.2) and six months later evaluations (p: 0.001, z: 3.23)

Placebo group: significant differences between the previous evaluation and one week (p: 0.01,
z: 2.44) and six months after treatment (p: 0.007, z: 2.66).

Copy subtest:

Group treated with neuroEPO: had a significant difference in the evaluations conducted one week
(p: 0.006, z: 2.7) and six months later after treatment (p: 0.007, z: 2.6).

Placebo group: also showed significant difference (p: 0.017, z: 2.3) but only six months
after treatment.

The results with other tests, such as the Trail Making Test are not reported in this paper since
significant differences were not found.

4. Discussion

In this study we focused on demonstrating some changes in the neuropsychological functions of
a group of patients treated with two formulations of the molecule studied.

Our results are preliminary but the authors consider them to be relevant given the importance
of cognitive symptoms in PD since they are one of the factors that most affects the quality of life of
patients and caregivers, increasing social costs. They do not have a specific treatment and they evolve
irreparably [39-41].

Within cognitive disorders in PD, executive alterations are the most important sign whether or
not patients develop dementia and they tend to appear early in clinical evolution [42]. They appear
accompanied by alterations in visuospatial abilities, spatial orientation, change of mental set, verbal
fluidity mainly semantic, initiation, abstraction and generalization of thought, programming of
behavior, and some modalities of memory and language [43,44].
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Many investigations have shown that patients have symptoms of this type from the early stages
of the disease [45].

The verbal fluency test measures the accomplishment of tasks of the set called executive functions
that includes actions that require the use of underlying processes of access to the lexicon, and also
the ability of cognitive organization, the ability to look for non-habitual words, focal and sustained
attention as well as inhibition processes.

The executive functions are also responsible for the anticipation and setting of goals, the formation
of plans and programs, the beginning of activities and mental operations, the temporal organization,
sequencing, comparison, classification and categorization, the self-regulation of tasks, and the ability
to carry them out efficiently [46,47].

These executive functions are processes that are directly linked to the coordinated functioning of
the cortical and subcortical systems of the frontal lobes [48,49]. While evaluating them within our study
we observed improvement in them, as measured by the verbal Fluency test, in the group exposed to
neuroEPO. This was not so in the placebo group that was not exposed to the molecule, in which no
significant differences were found in the evaluations after treatment.

In relation to the DRS, FAB of Litvan, and Rey complex figure tests we found that the results were
positive for both groups, neuroEPO and placebo, which speaks in favor of the placebo effect.

The definition of the “placebo effect” [50] is well known in the field of research and clinical trials.
It is used for the purpose of controlling the psychological effects of treatment.

In clinical research, a placebo is used intentionally to differentiate the pharmacological effects of
the study drug from those unrelated to it. In this way it is possible to objectively separate the effects of
the studied drug from others produced by the disease or by other factors.

Currently double-blind studies, in which one group of patients receives treatment with the drug
under evaluation and the other receives only placebo, is the most adequate choice for the study of new
drugs [51-53].

In our study this effect was also observed, for future clinical trials we plan to use tests that are not
very susceptible to this effect.

The authors found promising results in the sphere of neuropsychology in PD while investigating
neuroprotection. The drug, even administered at low doses because the studies conducted were safety
studies, had interesting results, which suggests a possible effect of erythropoietin on the cognitive
sphere, as reported already in preclinical studies.

Because this result is very preliminary it is necessary to conduct new studies with an adequate
design to demonstrate the possible benefit in cognitive functions. To this aim a Phase II-III clinical
trial is being conducted in which we intend to assess whether or not there is a positive impact of the
molecule on the symptoms of the disease and its capacity for neuroprotection, given the need for this
type of therapy in PD and the necessity to advance in the understanding of the cellular mechanisms
of neurodegeneration.

Our studies have several limitations, one of them was that the first study did not have a control
group. The other limitation is since both studies were clinical safety trials, small doses of the drug
were administered.

However, in spite the fact that the positive impact of EPO on cognition in preclinical and
clinical studies has been established in the literature, it has also established that this impact is dose
dependent [54]. These findings highlight the need to continue studying the effect of erythropoietin on
cognitive functions in PD using higher doses.

On the other hand, the results obtained were based on the total scores of the scales employed,
however, we intend in the near future to study the cognitive latent variables related with the drug,
which can be revealed using item-response theory, in terms of evaluating the discriminative power of
individual items instead of the global scores of the neuropsychological scales.
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5. Conclusions

In conclusion, the authors suggest that the beneficial effect in patients undergoing treatment with
both EPOrh and neuroEPO could be an effect of the molecules, but since the placebo effect is present,
further studies will be necessary to demonstrate the neuropsychological benefits.
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